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TO THE 
Oot ON’ G, 


SIR, 


Tig the privilege of real preat- 
nefs not to be’ afraid of dimi-_ 

” nution by condefcending to the 
notice of little things and J there- 
fore can boldly folicite the pa- 
tronage of Your MajesTy to the 
humble labours by which I have 
endeavoured to improve the inftru- 
ments of {cience, and make the 

a globes 
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bad 


DEDICATION. 
‘globes on which the earth and fky 
are delineated lefs defective in their 
conftruction,’ and lets dificult” ay 
their ufe. : 


Geography is ina peculiar man-~ 
ner the fcience of Princes. When 
a private ftudent revolves the terra- 
queous globe, he beholds a fuccef= 
fon of countries in which he has 
no more intereft than in the imagi- 
nary regions of Jupiter and Saturn. 
But Your Majesty mutt con- 
template the fcientific picture with 
other fentiments, and confider, as: 
oceans and continents are rolling 
before You, how large a part of - 
mankind is now waiting on Your 
determinations, and may receive 
benefits or fuffer evils, as Your 

influence 


{ 
DEDICATION: 


iggeesce ‘is ‘extended Or’ with») 


The provinces = twhich Your. Max. 
jzsTyx’s arms have added to Your 
dominions, make no inconfiderable’ 
part of the orb allatted to human 
beings. Your power is acknow- 
ledged by nations whofe names we 
know not yet how to write, and 
whofe boundaries we cannot, yet 
deferibe. But Your Mayestry’s 
lenity and beneficence gives us 
reafon to expect the time when 
{cience fhall be advanced by the © 
diffufion of happinefs ; when the - 
defarts of **merica fhall become 
pervious ‘and fafe, when thofe who 
are’ now reftrained by fear, fhall be 
attraded by reverence, and multi- 

MAGA SO f' e taded 


DEDICATION,: 
tudes; who now range. the ..woods: 
for prey, and live at the mercy, 
of winds and feafons, fhall by the 
paternal care of Your Mayzsty 
enjoy the plenty of cultivated: 
lands, the pleafures of fociety, the: 
fecurity of law, and the She of ; 


Revelation. 


1. am; 


STR, 
Your MajeEstTy’s 


moft humble; 
moft obedient, 
and, triott latifal 
Subjed and Servant, 


GEORGE ADAMS, 


ADVERTISEMENT. 


B EING encouraged to offer to the Pub~ 

hic a third edition of my TREATISE 
on THE Guoses, I thought myfelf engaged 
to confider, whether I might not be able, by a 
few additions, to render wt more ufeful than 
the former. 


And as fome obfervations on the folar fyfiem 
Seemed to be wanting, I have herein endea- 
voured to Bolg that de efech, by prefiaing a 
Joort view of it. 


I have alfo added fome pertinent problems, 
and extended the ufe of the Globes to the folu- 
tion of all cafes in Spherical Trigonometry. 
which are applied to a variety of aftrono- 
mical problems ; and that thefe additions might 
be more infiruétive and amufing, I have il- 


lufirated them by eleven copper plates, 


~ 


“WHE conneétion of aftronomy with 
‘geography is fo evident; and both’ 

* in conjunétion are fo neceflary to a 
learned education, that no mah will be 
thought to have deferved ill of the republic 
of letters, who has applied ‘his endeavours 
to throw any new light upon fuch ufeful 
{ciences. And as the phcenomenon of the 
earth and heavens can be adequately illu- 
{trated only by the mechanical contrivance 
of globes, whatever improvement is made 
in thefe muft deferve regard, in proportion 
as it facilitates the attainment of aftronomi- 
cal and geographical knowledge. 


As to maps and all projections of the 
{phere 2” plano, their ufe is more difficult 
than thofe of the globe, of which indeed 
they are only fo many pictures; -nor. can 
they be thoroughly underitood without more 

{kill 
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fkill in geometry than is commonly pof: 
fefled by beginners; “for whofe ufe the fol=* 
lowing treatife is principally defigned ; tho’ 

it alfo contains fome obfervations; which I 


hope will not be,altogether unacceptable: to 
‘a more learned Reader: 


The globes now offered to the Public, are 
of a conftrudtion new and peculiar ; they are 
contrived to folve the various phcenomena of 
the earth and heavens, in a more eafy and — 
natural manner than any hitherto publifhed,: 
and are fo fufpended that the ftudent may. — 
elevate the fouth pole; a thing impracticable 
in the ufe of the common globes. 


That agreement too, which is herd 
pointed out between the celeftial and terre= 
ftrial fphere, will be found to open a large — 
field of geographical and éftronomital know- 
ledge ; and will afford both inftru€tion and 
amufement to every unprejudiced enquirer: 
This correfpondence arifes from a comparifon 
of one globe with the other, or of the diftances 
of different places on the earth’s furface, 
with the relative diftances of {uch fixed ftars 
as an{wer to them in the heavens, 


By 
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By ithefe fteps of {cience, the mind of 
man may be:raifed to the contemplation of 
the divine wifdom, which has fo adjufted 
the proportions of days, months, feafons, and 
years; inthe different parts of the terraqueous 
globe, as to have diftributed with an impartial 
hand, though after a manner wonderfully 
various, an equal fhare of the fun’s light to 
‘every nation under heaven. 


By thefe globes, with little or no expe- 
rience in aftronomy, may be feen how the 
moon changes her place every night, . by 
obferving her pofition with refpect to any 
- fixed ftar, and how the proceeds regularly 
from it to the eaftward; as the {everal 
planets alfo may be obferved to do, fome 
more flowly than others, as their orbits are 
more or lefs remote from the center of the 
fyftem ; while the regularity of their motions, 
ftri€tly conformable at all times to the laws 
of their Creator, exhibits a ftriking pattern of 
| obedience to every rational {pectator. 


But-it will be proper in this place to in- 
‘form the Reader what he is to expect in the 
“globes, and in the following treatife intended 
to accompany and explain them. 


The 
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The fuperior accuracy with which’ the 
plates are drawn and engraved, will; it is 
hoped, appear to competent judges. at the 
far ft fight ; ; for the perfecting of which “no 


expence of time or labour hath been fpated. 


The celeftial globe is improved by the ad- 
dition of feveral thoufand ftars more than 
have appeared upon any globe hitherto pub- 
lithed ; all the lateft difcoveries in geography 
and aftronomy are in both of them, ftriclly 
followed, and many new lines and circles 
are infcribed, the ufe of which will be ally ; 
explained hereafter. 

In the treatife, we have made choice of | 
that method of finding ‘the times of equinox, | 
which is the moft modern. and fimple ; and 
which perhaps gives the trueft mean length 
of a tropical year; that the young ftudent. 
may with greater eafe and pleafure be made 
acquainted with the firit principles, and from 
them be carried on to the more abftrufe 
parts of aftronomy. 

To render this book as extenfively deat 
as poflible, I have endeavoured, with all 
the clearnefs I am mafter of, to exprefs 
both my own and the fentiments of other 
authors on’ thé fame fubje€t; and I think 
; i 
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it-my duty to acknowledge the affiftance I 
have received in the courfe of this work, as 
well from books, as from fome worthy 
_ ftiends; as I would not willingly incur the 

imputation either of plagiarifm, or ingra- 
 titude. If there fhould appear to be any 

defects, to which every human work is 
_diable, the Reader, I hope, will make fome 
favourable allowance for the undertaker of — 
a tafk fo complicated and laborious, and 
correct my errors for himfelf, as well as he 
is able. 


N.B. When the Reader is hereafter directed 
to apply a card, or the edge of a card, to any 
part of the globe, it is to be underftood that he 
fhould cut a card of any kind, exactly in the 
fize and fhape of ABCD, fig. 27. for the 
elobes of eighteen inches diameter; and of 
the fize and fhape of E F GH, for thofe of 
twelve inches diameter; then, if the arch B 
C, or F G, are applied to the furface of their 
refpective globes, the lines A B, or CD, EF, 
and GH, will become radii from the cen- 
ter of the globe. It is frequently required ta 
know what point upon the ftrong brafs me- 
ridian, or broad paper circle, exactly an{wers 
to a given point upon the globe, and as this 

cannot 
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¢annot be well’ known by infpe@tion, on ‘ace 
count of the neceffary diftance of thefe two 
_ circles. from. the furface, if the corner-B or F 


be applied to the given point upon the globe, — 


the edge of the 2h .will exactly mark the. et 
gree or part of the degree required, 


For elevating the pole exactly, thd card is to 
be laid upon the broad paper circle, and ‘its 


‘edge applied to the ftrong brafs meridian, by 
Shick means the degree, and parts of a a ; 


may be a{certained with fufficient ACEH ASE 
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EOMPREHENSIVE VIEW 
OF THE 
“SOLAR SYSTEM, 


weeank ONY Caliah is” defer- 

A "4 vedly efteemed the mott noble and 
peace we exalted branch of human literature, 
regards the various phoenomena of thofe 
heavenly _ Dodiés, which the invention of 
curious inftruments hath brought within our 
obfervation, from the furface of the ter- 
reftrial globe... yee 


It difcovers to us Hess ftuation, magni- 
tudes, diftances; and motions; and eiabiad 
us to determine with precifion the length 
of years, months, and days, and to aceount 
for the vieiffitudes of the feafons 5 and, in. 
a word, ‘explains whatever falls within our 

B cons. 


Do ars.pr A Comprebenfive. View.» 


contiletarions as the proper fabjeee of this, 
ufeful and interefting ftudy. 


The Solar Syftem 


~ 1. Confifts of the fun, (from which if 
receives. its denomination,) fix primary, 
ten fecondary planets, and the comets. 
Thefe, with that collection of innumerable 
{pherical bodies which compofe the univerfe, 
are called the fyftem of. the wokld ;- all 
which appear to the inhabitants of the earth 
as if they were within one and the fame con~ 
cave fphere. | ae 
~ 2. The Copernican, or folar, Bhan fap: 
pofes the fun in the center, having a motion 
round its axis, which is completed 1 in about. 
254 days. This motion was difcovered by 
the revolution of thofe fpots, which* are 
fréquently feen in its difc, and are fuppofed 
to adhere to its furface; and its axis is in~ 
clined’to the plane of the a ee in ‘an ‘angle 
of about 87 4 degrees, eS ee 


“aes 
* i 
ET, vob OF 


sa: 2 The fix primary planets move round. 
the fun in their’ refpective elliptical orbits, 
‘fom welt to ‘ealt, at different diftances, and. 
% in 
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iti various: periodical times). Their nates 
and characters, in the ordef in’ which ce 
revolve about-the fun, are a i in fig. 
and aré as Sars : 1 Sms. 


Birches: Venus, | The Eatthy. Mats, jogiters Saturn; 


re Ws vit planets are. ““diftinguithed from | 
the fixed. ftars, by their motion, and the — 
fteadinels of. their light. | The apparent dia- 
meter “of the fixed ftars is fo (mall, by. rea- 
fon of their ‘immente diftance, that every 
{mall atom Aoating in our atmofphere in- 
tercepts their light, and caufes them to 
twinkle... But that of the’ planets being 
greater; as they are nearer to us; they fhine 
with a fteady lio. ° Dt 
5. The: ‘fixed fea’ ‘agers thdié places and. 
diftances: with ‘refpe& to'edch other; but the — 
planets change ie ‘frono ore! part of the 
heavens to another.o'7 | 
- 6. Some of the Binaige piled are at~ 
iced? with {maller, “ealled fecondary pla- 
nets, moons, or fatellites. Our éarth is’ ate 
tended by the moon; Jupiter by four, and 
Saturn by five fatellites; the nine laft are not 
wnfible without the affiftance of a telefcope. 
Bag 4. The | 
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me The obfervation of comets, feen fome- 
times within the limits of the. folar fyftem, 
hath been hitherto fo _imperfeét,, ‘that we 
fhall only take notice for the prefent,. that 
they are fuppofed: to move round the fun, 
in very eccentfic ‘orbits, and appear ‘to us 
only whef they dre in that part of their or-_ 
bit neareft the fun: they moye in_ various 
directions and inclinations; the lower. part 
of one of thefe orbits is reprefented i in ‘fig. 2. 
As the fun has a number of planets and » 
comets moving round him, fo-every fixed 
ftar is fappofed to be a fun, and to have 2 a 
fyftem of its own. 


ae J rey" 


The orbits of re ‘fine at Me 


8. The path deferibed by a planet. in ite 
motion round the fun is: called its orbit. 
In fig. 2. their feveral orbits are reprefented 
by. concentric circles: the _ paths which 
they defcribe are elliptical, and the fun is 
in.one of the foci. In fig. 3.. ATP V is 
an ellipfe, A P its: tranfverfe, V T..its, con- 
jugate diameter, S and N are its two foci, 
€ is the centre-of the ellipfe; the diftance 
between CS or CN is called. the: eccen= 
tricity. . | ni ji 
g. The 


- . ea ~ 
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‘9. The orbit of every planet’is in a plane | 
pafling ‘through the fun; which planes are 
inclined ‘to’ one another: thus in fig. 4.) let 
ABCD reprefent the earth’s orbit, or plane’ 
ef the ecliptic; this is taken fora ftandard, 
from which the inclination of each orbit. of 
the planets; as EDFB, is: meafured. . The 
imclination ‘of : the ote of Mercury hs 6%; 
52’, that of Venus 3°, 33/, of Mars 1°,)52/, 
of Jupiter 1°;:20', and of Saturn 2°; 30/. - 

sto) To a:fpectator from the Brg the 
altireso of the orbit of each planet produced 
to the fixed ftars would mark, in the ce- 
leftial {phere, their feveral inclined helio- 
centric orbits; their paffage through thefe 
is their heliocentric motion. Pe (rind . 
ed. planes, to a {pectator on the earth, mark 
out in the ftarry {phere their geocentric 
orbits; and their apparent motion through 
thefe, is called their geocentric motion. 

11. The latitude of a planet feen from 
the earth,» is. called its. geocentrie, if feen 
from the fun, its heliocentric, latitude. .. 


_ The nodes of a planet’s orbit 


12. Are two points in which it inters 
fects the plane of the ecliptic, In fig..4. 
B 3 ABCD 
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ABCD is the plane of the ecliptic ; EBFD 
is the orbit of a planet, in which the points 
Band D are the two nodes. - B\ the afcend- 
ing, D. the defceriding node; the point B 
is called ats greateft northern, | and a its, 
ante fouthern limit. fis 
3, “Lhe line» of the nodes is a: ii BD, 
daw through. the fun feom ‘one: “ to 
the other. o IR | 
A planet, feen flor the sacithy “never rap 
pears in the ecliptic, but when ‘itis. inoone 


of its nodes; in allbother parts e its a“ it 


has g geocentric beri soi See. Oo 


“The nti planets. Ee aio 


14. Are Mercury, and Venus ; ‘they are 


called inferior, becaule their orbits are ine 


ee | 


pees 


1s. Moves round the fun in ig i 24 h. 
16m. which is ‘called: his periodical’ time. 
If we call the mean diftance of the. earth 
from the fun 1000, the mean diftanée of 
| Mercury is. 387, “his eccentricity 80... No 
Spots have yet BEE : obferved in) Mercury ; 

there- 


‘ 


—— —— 
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therefore it is not certainly known whether 
he tarns about his axis or not; but it is 
-moft probable that he does, 


Venus 


16. PeHtiFing her revolution round thé 
fun in 224d. 16h. 49m: which is ‘called 
her periodical time; her mean diftance is 
724, ad her €ccentficity §; her motion | 
sa chi axis is seats med in enh se 
elifiation of her axis to ii ‘flare of the 
ecliptic, is 15 degrees. 

“y7. The greateft diftance of the earth, ot | 
of any planer from the fin, i is called its aphe- ; 
lion, or higher’ apfis ; its’ leaft' diftance is — 
called the perihelion, or lowér apfis. : ‘This | 
in fig. 3. A is the place of the aphelion, 'p 
tat oF the perihelion. ‘The’ axis s P A of ay 
aptidess the extreme points ‘of its: “fhorteh 
diameter T V,"‘are the places ‘of its rhean 
- diftance from the fun; “and ST, or $ v, 
the line of its mean diftancé’ 

18. A’ planet is faid to be in conjunction 
‘with the fun, when its apparent place, feen 
» from: the earth; is in’-or neat the fiin’s 
Ga. B 4 place; 
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place 5 it is faid to be in oppofition, when, 


the earth i is between, the tp and planet. 


The elongation & a planet 


19. Is its apparent diftance from the fun, 
as. .f{een from ‘the earth. \ A. planet’ has, no 
elongation’ when in conjunction with the 
fun ; in oppofition; it has 180 degrees. In 
fig..5. t Tt reprefents. a part-of the earth’s 
orbit; T the earth, § the fun; ACE an 
arch of the ftarcy. fphere, and d. the place 
of Venus in her orbit... A. {pe€tator upon 
the earth at T would refer, :the, fun’s ; place 
to thofe fixed {tars at\C, , and, that of Venus 
to thofe at D:; 524n, this cale, the angle CTD 
is the apparent diftance between the fun and 
Venus, and is ated the snale of aisha 
tion, . re ee 
20. An faci planet. may, be in. con- 
jundtion - with the fun in two: fituations ; 
3. when it is between the earth and the 
fon, called the inferior conjunction ; 2. when 
the, fun is between the earth and planet, 
called its fuperior conjunction ; but it can 
never be in oppofition to: the fun. 

__ 21. The greateft elongation of an inferior 
planet is when a line TE, drawn from the 
earth 


~ 
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earth. at T,,-through the’ planet ate, is 
tangent to the orbit of the planet. 
22, As an inferior planet moves from its 


: greatett elongation at a, fig. «5. through c, 


its fuperior conjunction, to -¢; its each 
elongation on the other fide of the fun, its 
geocentric motion: is: direct. 


23. When ithe earth is at Ty Venus at a, 


a {pectator\at T fees the planet at a, in the 


line) Tia A) among the ‘fixed?ftars at A; 
when the planetiis come’to'b, it appears in 
the line Tb B, or amoneft theftars iat B, 


_ atc, it isin its:{uperior conjunction, and feén 


among the ftars at C; at d, it appears among 
the flars at D; and wheni it arrives ate, it 


. appears among thofe at FE. In this motion, 


Venus appears to defcribe the arc ABCDE, 


in the concave {phere of the heavens: and 


as thefe letters are in the fame direGtion with 
abcde, which exprefs: the planets motion 
round the fun, its apparent motion feen 
from the; earth is therefore direct, from » 

vet to eaft, or according to the order of 
the figns. : 


24. An inferior planet pafling from e, its — 


-greateft. elongation, through f, its inferior | 


conjunction, to a, its greateft elongation on 
the 


, 


through the orbit of the planet... 
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the othet fide of the fun, its ‘Beocentric mo= 
tion is retrograde. 3 i | 
@ As Vefius ‘is ‘moving: from € to n, fhe 
appears in’ the line ‘T’n “dD, and is feen 
among the:ftars at D; when fhe comes to f, 
her inferiofconjan@ion, the appears amongft 
the ftars at C; atm, fhe is'feen in the’con- 
cave {pheré at B; and when the is at aj in 
her own orbit, fhe appears at A, in the hea 
vens, , Hefice,-as the planet pafléd through 
enfma, in its naturalmotion, its apparent 
motion, was: backwards. through EDCBA, 
or contrary tothe order of the figns. 
» 25: Whem the inferior planets are at their 
greatett elongation; they appear ‘ftationary, 


or continue ,in the fame place for fome 


time, before their motion changes from, 
direct. to retrograde, or ae Wiiciagtowr to 
direct again.) « Y i. 

The time of the eal of Venus 


AS sent 40 days; of Mercuri 18: days. | 


26. In order to’ have a cléar’ idea of the | 
eatin motion-of a planet, conceive the 
lines T.a A, ‘T-b B, &c. to move with the 


earth’; fo. that’ the points enf ma, whilft 


the earth performs its revolution, may run 


27. .ne 
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--27. The inclination of the orbits of the 
planets to. the plane of the ecliptic, is the 
edufe; why they.do not feem to moye in the 
ecliptic line, but are. fometimes above, and 
at others below:it. In fig. 6. let NVNQ_ 
bea circle ini the plane of Tt the ecliptic, 
and NAN, the planet’s inclined orbit, $ 
the fun, the earth at T, and the planet at 
A; if the {hort line VA be imagined per- 
pendicular. to the plane of the ecliptic, and 
to pafs. through the planet at A, the angle 
VT A, is the latitude of the planet, which 
is called. the geocentric | latitude, to diftin- 
guifh it from the heliocentric latitude, as 
feen. from the fun, which ‘is repeated by 
the angle. ASV. sti 
foi28s When a planet i is in ht node at N, 
it/appears in the ecliptic line;,as it recedes 
from, thence its latitude increafes; and this 
is different, according to the. fituation of; the 
earth ; fo that.the latitude is. greater when 
the earth is at T, and the planet at A, than 
when the earth is at t, and the planet at V. 

29. A planet is faid to be in quadrature 
when it is go degrees diftant from the {un ; 
the’ inferior planets. cannot bein (dustin 
ture,. as. their greateft elongation can never 


be 
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bea tight angle’ therefore theynever ani 
pear far from the fan’; for Venus and Mer-' 
éury: are only feén in an evening towards 
the weit, foon after fuin-fet,or alittle bes 
fore the fun rifes in’ the ‘Morning. The 
- greatett elongation of: Mercury i is 33 ieee 
and of Venus 48 degrees, bar 
“20, As Venus’ moves from’ nde pein 
to her inferior ‘conjun@tion, fhe {ets aftet 
the fun, and is called ‘the evening-ftar ; 
‘and’as fhe is moving from her inferior! to 
her fupetior conjunétion, the rifes before the 
fun, and is called the morning- “War, belisa ut 


ia ik fie ‘fan, being larger than any 
planet, enlightens a little more than’ an 
hemifphere; and as we can only fee half 
‘a planet at once, that hemifphere which 
we fee is called the difc of the planet. “Fhe 
inferior planets: are not vifible to us, when 
in their inferior conjunction, but their wholé 
dife is “illuminated in their faperior con- 
jun@ion : : and when they are in one of their 
ncdes, they: appear on the dife of the fun 
like a black {pot and this is called a tranfit 
of the’ plahet “Acros the’ dile of the. fan. 
As the enlightened hemifpheres of the int 
ferior planets are fometimes more, at others. 
t ins 
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lefs; turned towards the earth, they appear 
through a migcons to have: all the phafes 
of the. moonen) di 

32.. When eats is gi evening: -ftar, Lies 
cara are turned towards the éaft, and the 
fun’ fets before, and to the weftward of 
her. When-fhe isa morning-ftar,: her horns 
are turned towards the weft, and the fun 
rifes after, (or to the eaft of her; in both | 
cafes, the horns are always turned from the 
fun. When fhe is at her greateft elongation; 
half the enlightened hemifphere: will face 
the earth, and her difc appear as the moon 
does in the quarters; but when in any part 
between that and her inferior conjunction, 
fhe appears horned, and between her great- 
eft elongation. and fuperior conjunction, her 
appearance Is gibbous. | 

33: What has been faid.of the planet 
Venus, 1S. alfo true with refpect, to Mer- 
cury, with this. difference, that he is direét, 
‘ftationary, cc. fo much more frequently, 
as his revolutions round the fun are per- 
formed in a fhorter {pace of time. 


oT he earth, 


94. The apparent motion’ of fie fit : 
ariling 
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arifing from the earth’s annual motion’ id 
its orbit, is as follows: In fig.°7. S ‘repres 
fents the fun, T, the earth in its orbit T 
and R Q_ the concave {phere of the fixed 
ftars. Whilft the earth is moving in its orbit 
from T tot, the fun feems to move thro 
the ftarry arch ftom Q to R, which meéa- 
fures the angle RSQ, equal to the angle 
T St, fo that the celerity: of. the’ apparent 
motion of the fun depends upon the ce- 
lerity of the angular motion of the earths 
with refpe@t to the center’of the fun. In 
a whole revolution of the earth, the fan 
alfo feems to run through a whole circle. >? 

35. The earth moves ‘round the fun 

between the orbits of Venus’ and Mat's; 
in 365 days, 5 hours, 49° minutes. Befides 
this annual motion, it turns round its Own . 
axis in 2.4 folar hours; its’ axis ‘is conftantly 


inclined in an angle of 66% degrees to‘the 


plane of the earth’s orbit; or the ecliptic, : 
and keeps continually parallel. to itfelf in 
every part of its revolution. 

In fig. 8. S reprefents the fun, ABCD 
the orbit of the earth; in the periphery of 
which, the center of the ‘earth is carried 
round. the fun, according to.the order of 
| i the 
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the figns, or in' confequentia. ~ S = re~ 
prefents the equinoctial colure,’ © S vs, the’ 
‘folftitial colure ; the: circle in each, abe dit 
reprefents the earth in-the: four cardinal 
points of its orbit ; in which ‘de feparates: 
the enlightened part c bidoof*the earth’s 
difc, from da,c, the ob{cure part of ity 
» The plane of the earth’s: annual orbity’ 
ABCD), extended every way to the {phere 
of the fixed ftars, would'deéfcribe the ceo 
leftial ecliptic, which would ‘coificide with: 
the terreftrial ecliptic, “hete reprefented by) 
each of the? circles abe ad? inoqhich’e’ ig: 
the pole of theecliptic, Pothe’ pole of the: 
world, or of the equator  invall thefe ‘pro= 
jeCtions, 2 is the equator; t the: tropic’ of 
Cancer, ‘Li the’ path or vertéx of London ; 
and the circles cutting eachother iti P-the 
pole of the world, are cireles(6f'right ‘afcéri~ 
fion in the celeftial, and of longitude i in 1 the 
terreftrial {phere. é 
36. As the’ fiin slay biilightens one 
half of the earth’s globe2at' the°fame time, 
the line dic; that divides the: ulebubaee 
from the obfcure part of the ‘earth's dife, 
salted the pa of thedife;qc 30 | 


. » ‘ 
i . ave? a men 
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Pa; Pd; Pb; P c, reprefent fo riuch of 
the earth’s axis. as falls within thefe pro-| 
jections ; thefe may be called the iine of 
direction of fhe: earth’s axis, which is con= 
{tantly carriéd ‘round the arfinual oibit; al-’ 
ways parallel to itfelf. | 

37. The inclination of the earth’s axis’ 
will be better underftood by obferving 
fig.g. in. whichy ABCD reprefents ' the 
earth’s orbit,.feen at a diftance; the eye: 
fuppofed to be elevated a little above the 
plane of it. The ¢arth is heré reprefented’ 
in the firft point of each of the twelve figns, 
as marked in the figure, with the twelve’ 
months annexed: e the pole; and ed the 
axis of the ecliptic, always perpendicular to 
the plane of the orbit. P the north. pole 
of the world; .P m: its axis, about whicly 
the earth’ s daily motion is made from weft 
to eaft.. PCE fhews the angle of its m= 
clination, which preferves its parallelifm 
through every part,of its orbit. 

38. When-the earth is in the firft point 
of Libra, the fun»then appears in the op- 
pofite point. of the ecliptic at Aries, about: 
the 22d of September, N.S. and when 
the earth is in fata the fun will then 


appear 
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_ appear in Libra about the 1gth of Maich, 
at which times of the year the edge of the 
enlightened hemifphere is parallel to the {ol- 
ftitial colure, fig. 8. and paffes thro’ the two 
poles of the world, dividing every parallel. 
to the equator into two equal parts; whence 
the diurnal parallel of every inhabitant on 
the furface of the earth will, at either of 
thefe feafons, be half in the illuminated, 
and half in the obfcure part. of the earth; 
confequently the day and night will be 
equal in all places. 
39. Conceive the earth to have rioved } 
from = Libra to vs- Capricorn, its line of 
direction keeping its parallelifm ‘will. now 
coincide with the folftitial coltire, fig. 8: and 
the edge. of the difc will be perpendicular 
thereto, and pafs through e, the pole of the 
ecliptic. In this fituation of the earth, all 
places within the northern polar circle are 
illuminated throughout the whole diurnal 
revolution ; at which time the inhabitants 
fee the fun longer than 24 hours ;' but thofe 
which lie under the polar cirele touch the 
edge of the difc, and therefore thetr inhabi- 
tants only fee the fun fkim quite round their 
horizon at its firft appearance ; every other 
: Cc parallel 
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parallel interfects the edge of the difes and 
as the illuminated part of each is much: 
greater than the obfcure part, the days are 
confequently’ at this feafon, of the fum- 
mer folftice, which happens about the a1ft 
of June, longer than the nights. While’ 
the earth is moving from Libra, through 
Capricorn to Aries, the north pole P, being’ . 
in the illuminated hemifphere, will have fix 
months continual day; but while the earth 
pafles from Aries through Cancer to Libra, 
the north pole will be in the obfcure part, 
and. have continual night; the fouth pole of 
the globe) at the fame time enjoying | con= 
tinual day. . 

40.’ When the earth is at Cancer, the Gon 
appears at. Capricorn. At this feafon the 
nights will as much exceed the days, as the 
days exceeded the nights, when the earth 
was in the oppofite point of her orbit ;. for 
the nocturnal arches, or obfcure part of 
their paths, are here equal to the illuminated 
parts, when the earth was at Capricorn; and — 
the. illuminated part is here no more than 
the obf{cure part was in that place. ° | 
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Our fummer is nearly’ eight days 
longer than the winter: 


“gr. By fummer,; is meant the tinie in 
which the earth is moving in her orbit from 
the vernal to the autumnal equinox; and — 
by winter, the time in which it is pafling 
from the autumnal to the vernal equinox: 
Upon the globe it is evident that the eclip- 
tic is divided into fix northern and fix 
fouthern figns, and that it interfects the - 
equator at the points marked V and x. In 
our fummer, the fun’s apparent motion is 
through the fix northern, and in winter 
through the fix fouthern figns; yet the fun 
38 186d. trh. 51m. in paffing thro’ the 
fix firft; and only 178d. 17h. 58m. in 
pafling through the fix laft. Their difference 
7d. 17h. 53m. is the length of time by 
which our fammer exceeds the winter. 
42: In fig. 16. ABCD reprefents the 
earth’s orbit; S the fun in one of its foci: 
when the earth is at B, the fun appears at 
H in the firft point of Aries; and whilft 
the earth moves from B, through C to D, 
the fun appears to run thro’ the fix northern 
figns, FO mg Gm tos at F, When the 
; C4. - earth 
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earth is at D, the fun appears at F in the: 


firft point of Libra; and as the earth moves 


from D thro’ A to B, the fun appears to run ~ 
thro’ the fix fouthern figns, & M 2 VS a %) 

to Aries at H. Hence the line F H, drawn. 
from the firft point of , through the fun 
at S, to the firft point of , divides the 
ecliptic into two equal parts; but the fame 
line divides the earth’s eliptical orbit ABCD 
into two unequal parts, (the fun not being 
in the center, but in one of the foci of this 
orbit; ) the greater part BCD, is that 
which the earth defcribes in fammer, whilft 
the fun appears in the northern figns; t the 


leffer part is DAB, which the earth de- 


{cribes in winter, whilft the fun appears in 
the fouthern figns. C the earth’s aphelion, _ 


where it moves the floweft, is in the greater 


part; A its perihelion, is in the leffer part, 
where the earth moves fafteft. 

43. The fun’s apparent diameter is greater 
in our winter than in fummer, caufed by 
the earth being nearer to the fun, when in 
its perihelion at A in winter, than it is in 
the fummer, when in its aphelion at C; 
which is its greateft diftance. The {un’s 
apparent 


. 
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apparent diameter: in winter is 32 min, at 
fec. in fummer 31 min. 40-{ec. | 

If the mean diftance. of the earth from 
the fun be called 1000, its eccentricity will 
be 17; its greateft diftance 1017, and its 
leaft diftance 983. 


The fu perior planets. 


44. The apparent motions of the fuperior 
planets agree in many refpects with thofe 
of the inferior ones, which have been al- 
ready explained. 


Mars, Jupiter, and Saturn, 


_ Are called fuperior planets, See fig. 2. 

45. If the mean diftance of the earth 
from the fun be called ro00, the mean 
diftance of Mars is 1523, its periodical time 
686d. 23h. its eccentricity 141, and it 
turns round its axis in 24h. 40min. The 
planet Mars appears much larger and brighter 
when it is in oppofition to the fun, than 
when it is in conjunction with him. Mars 
appears gibbous, when it is in quadrature, 
but full and round in conjunction or oppor 


fition. : 
C 3 3 46. Ju- 
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| 46. Jupiter is the largeft of all the planets te 
fee fig.13. he revolves in 9 hig6m. about — 


his axis, which is nearly at right angles to 
the plane of his orbit, in which he moves 
about the fun in fomewhat lefs than 12 
years, or 4332 days 12 hours. His mean 


diftance from the fun is 5201, and eccen- -. 


tricity 2'50. Several {pots have been feen 
on Jupiter’s furface, which appears, to be 
furrounded by feveral belts, or girdles, pa- 
rallel to his equator: thefe vary in breadth 
and diftance from one another. See fig.12. 


Ao 


47. Saturn is the fartheft of all the planets — 


from the fun; his mean diftance is 9538, 
eccentricity 547; he is 29% years in moving 
through his orbit round the fun, or 107 59 
days 7 hours. . It is not yet known whether 


Saturn turns round his axis or not; but he - 


is attended with a broad thin ring, as repre+ 


fented in fig. 12. - The edge of this ring re- : 


flets little or none of the fun’s light to us; 
the planes of it reflect the light of the fun 


in the fame manner in which the planet a 


does. ‘he plane of the ring 1s inclined to 


the plane of the ecliptic at an angle of about — 


31 degrees. If we fuppofe the diameter of — 
Saturn to be divided into four equal parts, 


the 
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_ the diameter of the ring will be about nine . 
fuch parts. The diftance of the inner edge | 
of this ring, from the body of the planet, 
is equal to the breadth of the ring. Through 
this {pace, between the planet and his ring} 
the fixed ftars may fometimes be féen. : 
. 48. The plane of Saturn’s ring is parallel 

to itfelf in every part of its orbit. If the 
plane of the ring be produced to the {phere 
of. the fixed ftars, it will cut Saturn’s helio» 
centric orbit in two oppofite points, called rhe 
nodes of the ring. As Saturn paffes from the 
afcending to the defcending node of his ring 

the northern fide of the plane of the ring 
is turned:towards the fun; as it moves from 
_ the defcending to the afcending node of the 
ring, the fouthern fide of its plane is to- | 
wards the fun. When Saturn’s ring appears 
elliptical, as in fig. 12, the ‘parts about its 
longeft axis reaching beyond the planet's 
difc, are called anfe, which a little before 
and after the difappearance of the ring, are 
unequal in magnitude. When Saturn is in- 
the heliocentric place of either of the nodés 
of his ring, its plane produced paffes thro” 
the fun, and then the ring becomes aes 


-.fo US. 


C 4 The 


24 A Comprehenfve View . 


The fuperior planets are fometimes in 
conjunction with the fun, fometimes in qua- 
drature, and fometimes in oppofition, 

49. When the earth is in fuch a ftation, 
that a line drawn from a fuperior planet to 


the earth becomes a tangent to the earth’s © 


orbit, the fuperior planet appears ftationary. 
If the earth be at a or g, fig. ro. or 11, and 


the planet at 1; Ig, and 1a, are tangents to — 
the earth’s orbit; in which places the planet — 


feems to ftand ftill, or to have no geocen- 
tric motion. | 3 

50. When a fuperior planet, fig. ro. is 
moving from one of its apparent ftations A, 


through its conjunction D to G, its  georen= 


tric motion is direct. 


Fig. 10. Whilft the earth is ae from 
a, through d to g, a fuperior planet at I, 
appears to move in A DG, the concave 
{phere of the heavens, from A, through its 
conjunction D, to its other {tation G; whence 
its apparent motion feen from the earth is 
direct, or in confequentia, which is from 
weft to eaft, according to the order of the 
figns, 

51. Obferve in fig. 10, that one end a 
of the line a ] A, drawn from the earth at 

a, 
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a, through the planet's place at I, to the 
egneave ftarry {phere A DG, attends the 
earth, as it moves through abcdef g; and 
the middle of it is fuppofed to turn round 


_ upon the planet as a center at I, the other 


end A will then mark out the planet’s ap- 
parent motion in the heavens. So that the 
arch ABCDE FG, will be that which the 
planet appears to defcribe; and therefore 


the order of the letters expreffes its motion 


an confequentia, - 
52. When a fuperior planet is palfing 


a 


from one ftation to the other thro’ the Oppo- - 


fition, its geocentric motion is retrograde. 
As the earth is pafling from g, fig. 11. 
through k to a, the planet at I appears -to 
move from G, through K its oppofition, to 
A; in this cafe, the apparent motion of the 
planet at I, feen from the earth, is retro- 
grade, or in antecedentia, that is, from eatt 
to weft, or contrary to the order of the 


figns. If the end g of the line g 1G, fig. 11. 


attends the earth through g¢mlknha, and 


the middle of this line turns round upon 
the planet at I, the other end G will de- 
fcribe the arch GMLKNHA, which is 
contrary to the order of the letters in fig. 10. 
and therefore retrograde. 
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$3, The. time of the, retrogreflion of Mars. ; 
is about. 3 months ; of, Jupiter, 4 months me 


and of Saturn, 44 months. " 


_ The planets. viewed through a ‘aletPoph ‘ 


are {tripped of their adventitious rays, and 


appear like cireular planes, of a determinate > 


magnitude, whofe diameters: may be mea- 
fured by a micrometer. cla gh 
54, The, fuperior planets are fometimes 


nearer our earth than at other times; whence ° 


they appear larger or lefs, accaudine to their 
different diftances from us. And as they 
are nearer. to us than the fixed ftars, they 
may pafs between us and fome of the ftars: 
and as they go round the fun in orbits larger 
than that of the earth, they always turn 


much the greateft part of their illuminated — 


hemiphere towards the earth, and therefore 
appear at all times round, or full, except 


only Mars, which in the quadratures is a 


| Tittle gibbous. os : 


The fecondary planets. 


55. Three of the ‘primary planets, Viz. 
the Earth, Jupiter, and Saturn, in their 


revolutions round the fun, are attended with | 


Jlefler plheatns which move round each of 
their 
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their refpective primaries, according to the. 
order of the figah. ry 


The Moon 


56. Moves round the earth in an orbit, 
whofe femidiameter is about 605 femidiame- | 
ters of the earth; its eccentricity 34 of the 
earth’s femidiameters, the plane of the 
éarth’s orbit, produced to cut the plane of 
- the ecliptic, makes an angle with it of about 
54 degrees. The points wherein it interfects 
the ecliptic, are called the moon’s nodes; 
thefe nodes have a flow regreflive motion - 
of 19°; 19’, 43", ina year, which carries » 
them round the ecliptic, contrary to the or- 
der of the figns, in 18 years 234 days, The 
moon’s periodical time is 27d. 7h. 43 m. 
and her rotation round her axis is performed 
in the fame time. Heer eccentricity and in- 
clination are both variable. The orbit which 
the moon defcribes round the earth is: ellip- i: 
tical, the earth being in ‘one of its foci; 
and when the’ moon ‘is at her greateft dit 
tance from the earth, or in her higher apfis, 
fhe is faid to be in apogaeo ; and when in 
her lower apfis, or leaft diftance, 272 ferigdo. 


57. When 
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57. When the moon is at A, fig. r4i 
in conjunction with the fun at $, and the 
earth at Ty, it is called New Moon; and 
when in oppofition at E, it is called Full » 
Moon. The. fyzigies of the moon is a 
common term to exprefs both its conjunc~ 
tion and oppofition. 

58. The moon’s afcending node is called 
the Dragon’s Head, and is thus marked 2; 
its defcending node the Dragon’s Tail y. 
59. A periodical month contains 27 d. 
7h. 43m. in which time the moon de- 
_ feribes her orbit; a fynodical month con 
tains 29d. 12h. 43 m. 3 fec. which is the 
time that pafles between one new or full 
moon, and the next of the fame name 
which fucceeds it; this is longer than a 
periodical month about 2days 5 hours. 

60, In fig, 15. S reprefents the fun, AB _ 
part of the earth’s. orbit, ML reprefents a 
_ diameter of the moon’s orbit, when the 
earth is at C; and m1 another diameter, 
parallel to ML of the fame orbit, when 
the earth is removed to D. Whilft the earth 
is at C, and the moon at L, in conjunction 
/ with the fun, as the earth moves from C 
to D, and the moon’s orbit moves with it, 


the 
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the diameter M L will then be in the bo. | 
fition m1; fo that when the moon has de+ | 
{cribed its orbit it will be at 1; but then the 
fun being at S, the moon will not yet be in. 
conjunction ; therefore the periodical month 
is completed before the fynodical, and be- 
fore the moon can come into conjunction: 
with the fun. When the.earth is at D, 
fhe muft move from | to e, in the diameter 
ge; whence, befides going round her or- 
bit, fhe muft defcribe the arc le, confe- 
quently the fynodical is longer than the. 
periodical month by the quantity of the 
arc le. 

61. We do not fee the moon at the con- 
junction, but at the oppofition ‘her whole. 
difc is enlightened. 

In fig. 14. a Tb reprefents a part of the 
-earth’s orbit, S the fun, T the earth, ACEG 
the moon’s orbit. If the moon is at A, it 
will be on the fame fide of the earth with 
the fun; or in conjunction; and the fun will’ 
then be beyond the moon: therefore’ the 
fun does not fhine on that hemifphere of 
the moon towards. us; whence to-us her 


whole difc muft be dark. 


62. When 


ee 
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62. When the moon is at E, it will be 
in oppofition, and the earth between it and 
the fun; confequently that hemifphere which 
is vifible-to us, will be the fame heniifphere 


. upon which the fun-fhines, therefore her 


whole difc towards us will be enlightened, 
or the moon will be full. 


63. Fig. 14.. The moon's dife is half - 


enlightened when fhe is near the quadra- 


tures at C or G, her apparent diftance 
from the fun at S being then go degrees: 
when-the moon is between the conjunction 
at A, and either of the quadratures G or Cy . 
the illuminated part of it appears horned, 


as at H and B. When between the full at 
_E, and the quadratures G or C, the dife 


appears gibbous, as at D and F. When 
the moon is at A, it ts new; as fhe moves 


from A to C, it is faid to be in the firfe 


quarter; from C to E, in the fecond quar- 
ter; from thence to G, in the third quar~ 
ter; and from G to A again, in the laft 
quarter. 

After the new moon, her horns are 
turned towards the eaft, and before new 
moon towards the weft; and when fhe.is ~ 
horned, that part of her dife upon which ~ 
| the 
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the fun does not thine, has yet light enough = 


to make it faintly vifible. 
The fame fide of the moon is always. 
turned towards. the earth, and her furface 
js not fmooth, but uneven and mountainous, 
as may be feen with the affiftance of a teé- 
lefcope, either‘in the firft or laft quarter. 


- The fatellites of Jupiter and Saturn. 3 


” 64. The diftance of Jupiter’s innermoft 
fatellite fronr his center is 5.667 femidia- 
meters of the planet; the fecond, 9.017; 
the third, 14.384; and the fourth, 25: 299 
femidiameters. ; 

The periodical time of dbase firlt 
fatellite is. 1d. 18h; 27 m. 34 fec. The - 
fecond is 3 d. 13 h. 13 m, 42 fec.” The 
third is 7d, 3h. 42 m. 36 fec. And the 
fourth is 16d. 16h. 32m. 9g fee. 

65. The plane of the orbit of every fe- 
condary planet is parallel to itfelf in every 
part of the orbit of its primary. The orbits 
of all Jupiter's fatellites are nearly, but not 
exactly, in the fame plane; which produced 
makes an angle with the orbit of Jupiter 
of about 3 degrees; the fecond deviates 2, 
little from’ the ‘reft, | | : 

66. A 
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66. A fatellite in one of i its nodes appears , 


in the orbit of its primary: in all other 
parts of its orbit it has latitude, : 
If the plane of any circle produced patfles 
through the eye, it appears to be a ftraight 
line; confequently every circle, viewed ob- 
liquely, will appear elliptical; fo that 
When a fatellite is in its node, at the 
fame time that its primary’s heliocentric 
place is in the fame degree of the ecliptic 
with it, and the earth in its geocentric node; 
at that time the orbit of the fatellite appears 


a ftraight line. When the primary is in any. 
other part of his orbit, the fatellite’s orbit. 
will appear an ellipfis, whofe fhorteft axis 


increafes in proportion as the primary is 
farther diftant from the fatellite’s node. 
The orbit of the earth is fo fmall, when 
compared to thofe of Jupiter and Saturn, 
that in whatever part of her orbit the may 
happen to be, when either of thefe planets 
are in the nodes of their fatellites, thefe laft 


will appear to defcribe lines very nearly | 


ftraight. 

ep When a fatellite is in that femicircle 
which is fartheft from. the earth, its geo- 
centric motion is direct; when it is in that 


peareft 
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heareft to the earth; its geocentric miotion is 
retrograde. 

Any fatellite is at its bredtett. elongation 
from jits primary, when a line; fuippofed to 
- be drawn from the earth through the fatel- 

lite, is a tangent to the itéllite’s s orbit. | 
«In fig. 17. BaC reprefents a part of 
Jupiter’s orbit, NALM thie éarth’s orbit; 
S$ the fun, DGFH the orbit of Jupiter’s 
outermoft fatellite. When the earth is at 
A, and the fatellite dat E orf D, in the 
tangent line AE or AD, then this fatellite,- 
feen from the earth at A, will appear at a 
greatet diftince ftom the primary, than it 
¢an do in any other fituation. 

68. Every fatellite appears in conjunétion 
with its primary, when it is between the 
éarth and its primary; and alfo, when the 
_ ptimaty is between the earth and {atellite ; 
the firft is called its inferior, the laft its fu- 
perior conjunction. — 

The apparent motion of any fatellite is 
direct, as it pafles from D, fig. 17. its greateft 
elongation, through P, its fuperior con- 
jan@ion, to E; its greateft elongation on the 
other fide ; its iD : motion feen from 
the earth at A, being then from weft fo 

D ealt, 
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eaft, in confequentia, - or according to the 
order of the figns. 7 

Any fatellite’s apparent motion is retro- 
grade, as it paffes from E,. its .greateft 
elongation on one fide of its primary, thro’ 
H, the inferior conjunction, to D, its greateft 
elongation on the other fide; it is therefore 
plain, that its motion feen from the earth 
at A, is from eaft to weft, 7” antecedentia, 
or contrary to the order of the figns. 


69. The fatellites are feen fometimes to : 


the weft, and fometimes to the eaft of their 
refpective primaries: they cannot be feen 
in their fuperior conjunction, and are fel- 
dom diftinguifhed from their primary in 
their inferior conjunction. 

70. The diftance of Saturn’s innermoft 
fatellite from the center of the primary, is 
1,93 femidiameters of the ring, the fecond. 
2,47, the third 3,47, the fourth 8,00, and - 
the diftance of the fifth 23,45 femidiameters 
of the ring. 

The periodical time of Saturn's inner- 
moft fatellite is 1d. 21h. 38m. 27 fecs. 
| The fecond, 2d. 17h. 41m. 22 fee. The 
third, 4d. 12h. 25m. 12 fec. The fourth, 
15 d,°22h, 45 m. 14 fec. And the fifth. 

fatellite’s | 


- Plate 7. 


«+ . 


= 
ee 
=. 


Goodnight a eke 


eae , 
os a ~ 
‘he = ~~ + 
“j re a ¥ 
- eee 5. : 
a ve = > 
A: eles ~ 
pe ie ~ oe 


a. 


i 
¢ 
ae a) 
ere. 
i: 
i vee © 


~ 
7 


¥; 


ay ~ 


f 
ae 4 
oo. @) * 
» Segoe » bieve ahi esi; » 2a 
Senet entatate Wain Ponena 
4 A 
: ! 
7} 4 


pe oe 


~~ 
’ 


. 
<s 
Boneh: 43, 
+ F a 
ewe ti : 
j ae T 
2 he So 


-6F the ‘Solar Syjlem.- ax 


fatellite’s periodical - time is 99 4, 9 hi 
48 m. 

“71. The fatellites: of “Jopi and Saturn, 
caft a thadow “upon their primary, which 
may be feen to’ pafs over’ the dife of the 
plenct like a {pot} they alfo frequently fall 
into the fhadow of their primaries, and are . 
e¢lipfed which may be obferved by the 
help of -a telefcope. : 

773.,\ Fig. 125-1 3. reprefent the different 
inagnitindes of the primary and fecondary 
planets, with the proportion - which they 
bear to each other, and to a globe of twelve 
inches diameter, which is fuppofed to re- 
prefent the fun. 

The parallax of the heavenly bodies 

-73.1s the change of their apparent places, 
when viewed from different ftations, 

The diurnal parallax is the change of the 
apparent place of a fixed ftar or planet, or 
of any celeftial body, arifing from its being 
viewed on the furface, or from the center 
of the earth. The fixed ftars have no diur- 
nal parallax, the moon a confiderable one: 
that of the planets is greater or lefs, accord+ 
ing to their diftances. : oe 

De 74. In 
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74. In fig. 18. IAK tepfefents the earth, 
T its center, AB the fenfible, TL the — 
real horizon of a fpeCtator upon the earth 
at A, M the moon, 5S the fun, both in the 
fenfible horizon: if feen from A, they -will 
appear in -the horizon at B; but if feen 
from T, the center of the earth, they will 
appear amongft the fixed ftars at C-and D; 
that is, the moon would appear in. the dine 
TMD, and the fun in the line TSC? 
thefe are called their true places; the arch 
BC is called the fun’s parallax, and BD 
that of the moon. ‘The angles BSC; and 
BMD, are called the paralla@ic. angles, 
which are refpectively equal to the angles 
AST, and AMT; under which, AT, a 
femidiameter of the earth pafling thro’ A, | 
the place of the {pectator, would appeats 
“af feen from the fun or moon. 


mil be If a planet is above the horizon at 
E, its true place feen from T, the center 
of the earth is at F, its apparent place at-G, 
and its parallax is F G. Hence it is plain, 
that the higher the planet is elevated above 
the horizon, the lefs is its parallax; and 
when it is direétly over the head of the 
ipectator at H, it will haye no parallax at 
all; 
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alls its apparent place-in the heavens being 
Z, whether it be feen from A or T. It is. 
obfervable, that the apparent-place G, of a 
planet at E, feen from the earth at A, is 
always lower or farther from the zenith Z; 
than F, its true place feen from T, except 
when the planet is vertical, or at H; fo io 
the horizontal parallax is greateft of all. ” 

-»76. The: diurnal rawaliss of a planet in | 
a vertical circle caufes one. of right afcen- 
fion and declination, unlefs it be on the 
meridian, when there is only a parallax of 
declination : it alfo caufes a parallax of lon- 
gitude and latitude, unlefs the vertical circle - 
is a fecondary of the ecliptic: 

In fig. 18. WL reprefents the horizon; 
VY T an arch of. the. equator, cutting: the 
horizon at ‘T's; T P.the axis of the oad) 
and P the celeftial pole, Z the zenithy ZX 
a vertical circle, R the planet's apparent 
place therein, if feen from the earth’s fur- 
face; and Y its apparent place in the fame 
vertical, if it could be feen:from the earth’s 
center : then R Y is its parallax. PRO 1s 
a fecondary of the equator, pafling through 
the planet, and P YQ, another fecondary, 
ak: en its apparent place at Bis 

D3 ; whence 
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whence its declination, feen from the cen- 
ter, is OR, and from the furface QY; 
the difference N Y, between QY and QN; 
is the parallax of declination. When the 
planet is at R, the fecondary PR O, pafles 
through the point O of its right afcenfion 
upon the equator, but the fecondary P x Q, 
paffes thro’ Y, the planet’s apparent place; 
and Q its right afcenfion upon) the equator ; 
whence the parallax RY, makes a diffe- 
rence, or paeailais Qe in Sica, afcen- 
fion. 

77, Ifa, be the apparent place of.a vist 
upon the meridian Z V W, ‘when feen from 
the furface, and b, when viewed from the 
center of the earth, a b is its diurnal paral- 
lax in a vertical circle ZW to the horizons 
but this fame circle is alfo a fecondary to. 
the equator, whence there can be no es 
‘rallax.of right afcenfion, | 

Now fuppofe P the pole of VT, slat 
is now called an arch of the ecliptic cut- 
ting the horizon. W_L in T, ZX a vertical 
circle, let RY be the planet’s parallax, 
PRO a fecondary of the ecliptic pafling 
through the planet, when feen at R from 
the furface of the earth; P Y Q_ another 

fecondary, 


; 
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fecondary, pafling through it, if it could 
be viewed from the earth’s center, fo as to 
appear at Y ; when at R, its latitude is RO, 
when at Y, its tata is QY, the diffe- 
rence N Y, is the parallax of latitude. 

78. When the planet SylaSs at RinPRO, 
the fecondary of the ecliptic, the point O 
is its longitude from the firft point of Aries; 
but when at Yin the fecondary P Y oi 
Quis the point of its longitude; whence 
the diiference QO is the parallax of lon- 
gitude. a 

But if the planet 19. in a. vertical rae 
ZW, which pafies through P, the pole of 
the ecliptic, it can only have a parallax of 
latitude, and none of longitude. Let ab 
be the parallax of latitude; whence from 
either ftation, 2 b will be its parallax of lati- 
tude; and as there can pals but one fe- 
condary through both, there can .be no 
parallax of longitude, | | 
- The annual parallax. of any heavenly | 
body arifes from its being feen from the 


earth, when it is in different parts of its | 
orbit. : 


~D4 The 


40 AA Comprebenfive View 
The refraction of the atmofphere. " 


79. Ifa ray of “light entefs a tranfparent ) 
medium obliquely, _ it does not pals ftraight 
on, but is bent at the point at which it en- 
ters: this bending is called refraction. 

In fig. 19. AC reprefents the furface of 
the earth, T its center, BP a part of the 

atmofphere, HE K the fphere of the fixed 
ftars, AF the fenfible horizon, Ga planet, 
GD aray of light proceeding from G to 
D, where it enters our atmofphere, and is 
refracted towards the line D T, which ig 
perpendicular to the ‘furface of the atmo- 
fphere; and as the upper air is rarer than 
that near the earth, the ray is continually | 
entering a denfer medium, and is every 
moment bent towards T, which caufes it 
to defcribe : a curve, as DA, and to. enter a 
{peétator’s eye at A, as if i it came from E, 
a point above G. And as an object always | 
"appears in that line in which it enters the 
eye, the planet will appear at E, higher 
than its true place, and frequently above 
the horizon AF, when its true place is 
below it at G. 
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The greateft refraction is when the planet, 
écc. is feen in the horizon, ‘being 33 min. 
When its altitude is 20 deg. the refraGtion 
is 2m. 14 fec: at 40 deg. of altitude it is 
58 fec: at 60 deg. of altitude it is 29 fec. 
and {fo becomes infenfible, as sie altitude 
increales. 


Solar and lunar eclipfes, 


Bo. An eclipe is a delicitiiey of light fi in 
the heavenly bodies. In an eclipfe of the fun, 
its light is intercepted from the fight of the 
inhabitants of any part of the earth; by the 
‘moon paffing between them and the fun; 
and as its dife is either partly, or wholly 
covered, it is called a partial or total eclipfe. 

An eclipfe of the moon is caufed by her 
paffing through the fhadow of the earth, 
whereby the is deprived of the fun’s light. 

The fun can never be eclipfed but at the 
time of New Moon; neither can there be 
an éclipfe of the moon, but at the time of 
the Full Moon; In the firft cafe, the New 
Moon muft be within 18 degrees, in the 
laft, the Full Moon within 12 i na of | 
one of her nodes, 

Thefe 
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Thefe luminaries are not ‘eclipfed) every 
New and Full Moon, becaufe the moon’s 
_ motion is not in the plane ‘of the: ecliptic, 
in which the fun and: earth always. are. 
- Hence the moon’s latitude is oftentimes fo 
much. increafed. at. the time of the New 
Moon, that her fhadow does not touch the 
earth ; and at the time of Full Moon, fhe 
as frequently pafles by the earth’s fhadow 
without entering into it: but when the 
moon’s latitude is incontfiderable, which 
only happens when fhe is within the limits 
above mentioned, fhe then appears either 
in or near the ecliptic. 


Let HG, fig. 20. reprefent the path of 
the moon EF, the plane of the ecliptic, 
in which the center of the earth’s thadow 
always moves; N, the node of the moon’s 
orbit; A, b, C, D, reprefents four places 
ofthe earth’s fhadow in the ecliptic: when 
her fhadow is at A, and the moon pafling 
by at I, fhe will not enter into the fhadow; 
but when the Full Moon is nearer to the 
node at K, only part of her globe paffes 
through the fhadow B, and that part be- 
comes dark: ‘this is called a partial eclipfe, 
When the Full Moon is. at M, the enters 

inte 
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into ‘the fhadow C; in paffing through 
it, fhe becomes wholly darkened at L, and 
leaves the fhadow at O. This is called a 
total eclipfe : and when the moon’s center 
pafles through that of the fhadow, which 
¢an only happen at the very time fhe is 
in the node at N, it 1s Samii a ue 
eclipfe. 

We have not yet mentioned the atmo- | 
fphere, which requires our confideration, 
while we are treating of lunar eclipfes; for. 
the thadow of the earth does not reach the © 
moon. In fig. ar. T reprefents the earth, 
BCDBgf its atmofphere, AB, A B, 
rays proceeding from the fun at S, touching 
the atmofphere at B and B; thefe go 
ftraight on, and terminate the fhadow of the 
atmofphere at H. ‘The moon is conftantly 
enlightened by the fun’s rays until fhe en- 
ters this fhadow, when fhe becomes fainter, 
as fhe continues to move between A BH 
and ABH. 
~The ‘rays which enter the atmofphere 
obliquely, are refracted, and bent into 
curves that touch the earth; all the light 
between Ff and G B> is intercepted by the 

earth ; 
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earth ; ‘and the rays CE, DE; terminate . | 
the earth’s fhadow. | 

The light between F f, ane A B, is re. 
fracted by the atmofphere, and diffufed be-- 

— tween CE, and A B, and continued beyond 
Ei the point of the earth’s fhadow: . whence. 
it is plain, that the light proceeding from 
the fun becomes continually weaker, the 
farther it is from the earth; fo that the 
fhadow of the atmo{phere is but a weak. 
> light, and therefore the. moon is vifible 

in an. eclipfe, 

The thadow of the atmofphere is COni- 
cal, becanfe the diameter of the fun is greater 
than that of the earth. This cone does not 
reach fo far as: the planet Mars: but the 
diameter of the fhadow, in the place where 
it cuts the moon’s orbit, is not zth lefs than 
the carth’s diameter, 1 

A folar eclipfe happens, when the New 
Moon is in or near the node. In fig. 22, 
S reprefents the fun, M the moon, her 
fhadow falling upon DC, a part of the 
earth’s circumference, which is furrounded 
by a penumbra. Beyond A and F, the 
¢arth is illuminated by an entire hemifphere 


of 
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- of the’fun. As you move from A to C, 
‘or from F to D, the light is continually 
diminithing s and near C afd D, the rays 
come to the earth only from a {mall point 
of the fun’s furface. 

“This diminifhed light, which ond 
the fhadow every way, is called the pen- 
umbra. An obferver at. B.or E, can only 
fee half the fun’s diameter, the reft being 
hidden by the intérpofition of the moon. 
If the obferver moves from B to CG, or 
from Eto D, the fun will be more and 
imore withdrawn from his fight, until it 
becomes wholly invifible in the fhadow it- 
felf; whence it is plain, that there may be | 
a folar eclipfe, although the thadow of the 
moon does not touch the earth, if the pen- 
umbra comes to its furface. 

When the moon’s fhadow falls upon the | 
earth, it is called a total eclipfe of the fun; 
if the penumbra only reaches the earth, it 
is called a partial eclipfe of the fun: with. 
refpect to particular places, it is faid to be 
total where the fhadow paffes; central, — 
where the center of the moon covers that 
of the fun; and partial, where the pen- 

; umbra 
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umbra only goes by; as it is parcieon 
in fig. 23. 

The wider the thadow C D; fig. 22. is; 
the longer the fun will be totally eclipfed, 
and a larger fpace of the earth will be un- 
der the fhadéw; but its breadth will vary, 
as the diftance of the moon from the earth, 
and of the earth from the fun varies. for 
when the earth is ‘4x peribelion, and the 
moon 77 apogee, that is; at its greateft dif 
tance from the earth, the fhadow of the 
moon does not reach the earth, and the 
moon does not cover the fun: this is called 
an annular eclipfe; as is reprcciiee m 
hg. 24. 
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The New | | 
«CELESTIAL GLOBE, 2 a 
As Improved and Constructed by G¥.O: ADAMS 
In Fleet Street LONDON. 
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DESCRIPTION and ae 


OF: “TH Eo NEW 


‘ CrerestiaL and TErresTRIAL 


Giddy OUBe cb S, 


« 
# HSH F the periphery of a femi-circle be 
I turned round its diameter as an 
Setesexf axis, it will generate the furface of 
a globe or fphere, and the center of the 
. femi-circle will be the center of the globe : 
it therefore follows, that as all the points in 
the circumference of the femi-circle, are at 
an equal diftance from its center, fo all the. 
points of a globe, thus generated, mutt be 

the fame. 
82. Any 
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82. Any ftraight line pafling through the 
center of a globe, being terminated by its 
furface, is called a diameter; and that dia- 
meter about which the globe turns, is called | 
its axis; the extremities of which are called 
the poles of the globe. 

83. There are two artificial globes. ‘That 


| oh which thé furfaecé of the earth is repte- ne 


~ fented, is called the terreftrial globe. 

84. The other on which the face of the 
ftarry {phere 1s delineated, is called the ee 
leftial globe. | 

8 % In the ufe-of the feeratbeisl elobe, wi 
are to confider ourfelves {tanding upon fome 
_ part of its furface; and that its motion fe- 
l prefents the real diurnal motion of the earth, 
which is from weft to eaft. . 

86. In the ufe of- the celeftial globe, we are 
to fuppofe ourfelves at the center, and that 
its motion reprefents the rc tamistl diurnal i. 
motion of the heavens, which is from eaft 

to weit. . 

87. Note, The tars, being eliaeaicl upon 
the convex furface of the celeftial globe; 
we mutt fuppofe ourfelves at the center ; 
becaufe under fuch a fuppofition they would, 

appear, 


- 


Cele fia] and TorPefirial lobes, 49 
appear ag they’ ateatty ao; an thie’ ‘Concave | 


furface of the rye alg, 20 

2188: Sevérall diréles aid defer ibed upon the 
fisefice 6f- each ‘globe. PAdfe-whiofe planes 
pafy through’ thie” éefiter of the lobe,” are 
called great eivcledy: “fome ‘of sWifich’ are gta- 
duated into: $66: dégrees, ne of which make 
a! ‘quadrant. ©! Sgsaastiny Ss Rt 


o7809 Thoté’ “ites” who tikes iit not 
pa® through ® ‘ithe Genter of the’ ‘globe, are 
called lefler circles." 1 

“go. ‘Our new rtetteftrial and celettial slobes, 
fg: 1, ‘and fig! ac? ‘ate each of them fufpend- 
édv"at ‘their * poles in a ftrong brafs circle 
NZ JESN, andturn therein upon two 
iron ‘pins, which are the Axis of the globe. 
They havé each a thin brafs femi-circle 
NHS moveable about the -poles,. with a 
finall thin-fliding circle thereon. 

gi. On the terreftrial globe, fig, 1. this 
femi-circle NH is a ‘moveable meridian, 
and its {mall fliding circle H, the vifible ho- 
fizon of any particilar place to which i it is 
fet. But, ga 
‘ 92. On the celeffial globe, fig. an this 
femi-circle N HS is a moveable circle of 

E , decli- 
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ee and its {mall cla = any artie 
ficial fun or planet. _ ‘at Ms age 
93. Each globe hath. a rr anise citele, 
TW Y, placed at the limits of the crepuft 
culum, of twilight, which, together, with 
the globe, i is fet in a wooden frame: the: tip> 
per part B.C is covered with a broad paper 
circle, whofe plane divides the globe. into 
two hemifpheres, and the whole is fupported 
by a neat pillar and claw, with a aBoReS 
needle in a compafs box at M, itt 
94, On, our new. terreftrial globe, the 
divifion. of. the, face of the earth into land 
and. water, is accurately laid down from 
the lateft and beft aftronomical, geographi« 
cal, and, nautical difcoveries,.. , There are 
alfo many. additional circles, ‘as well. as the 
thomb-lines, for the greater cafe, and conyes 
nience in folving all the neceflary ‘geogra~ 

phical and, nautical problems. 
gs. On the furface of our new celeftial 
globe; all the fouthern conftellations, lately 
obferved at the Cape of Good-Hope by M. de 
la Caille, and all the ftars in Mr. Flamfted’ $ 
Britifh catalogue, are accurately laid down, 
dnd marked with Greek and Roman letters 
of reference, in imitation of Bayer. Upon 
each 


/ 
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each fide of thesecliptic are drawn eight 
parallel circles at the diftance of one degree 
from each other, including a {pace of fix | 
teen ‘degrees; called the eodia’ ‘thefe ‘are 
crofled’ at «right. angles. with fegments of 
great circles at every fifth degree of the 
ecliptic). for the readier noting the place of 
the mooh or any planet upon the globe. 
© 96. We have alfé inferted from Ulugh 
Beigh;; printed at Oxford, A.D. 166 5; \the 
manazil al kamer; 1. ¢. the manfions of the 
moon of the Arabian aftronomers; which 
are fo, called; becaufe they obferved the 
imoon to be in or near:one of thefe. every - 
night, during her monthly courfe round the 
earth, to each of which the Arabian’ cha- 
racters are affixed: They may be of very 
great ufe to beginners to teach them the 
names of the ftars, as well as fo mariners 
for the fame purpofe ; who may have occa- 
fion to obferve the diftance of the moon 
from a fixed ftar, in the new method of 
difcovering the longitude at fea. They will 
likewife ferve to fhew, how the moon paffes 
from ftar to ftar in the courfe of one or 
feveral nights, which is a very curious and 
ufeful amufement; and as they are a divi- 
E2 fion. 


2. \Defeription and Upp of the? 


fion of the heavens’ different from ‘any thing - 
the Greeks were acquainted with, and there+ 
fore not borrowed from:them, and as» we do 
not know they were: ever. inferted on :any 
globe before, we hope we: have with pro= 
ptiety placed them on our new. celeftial oy 
See Coftard’s Hit. é Afironomy,. p. Hone ily 


The broad paper SEN BG on. Ae 
furface of the wooden frame which 
rig abs the brais meridian’ Ra 


97: auitaines icc concentric) itu 
{paces.s /The» innermoft -of which) is dis 
vided. into 360, degrees, and numbered in- 
to four quadrants, beginning at the’ eaft 
and, weft:points, and proceeding eachisway 
to: go degrees’ at the: north and” fouth 
points:; thefe are the four cardinal points 
of. the horizon. . The « fecond’' circular 
fpace: contains, at equal’ diftances, the 
thirty-two points of the mariner’s compafs. 
Another circular {pace is divided into’ twelve 
equal parts, reprefenting the twelve figns of 
the zodiac; thefe are again fubdivided into 
30 degrees each, between which are en- 
eur their names and characters: This- 
{pace 


~ 


Celefiial and Terreftrial Globes. | $3 


fpace vis ‘connected ‘with a, fourth, which 
contains the kalendar of months ‘and: days ; 
each day, on the new eighteen-inch globes, 
being divided into four parts, éxpreffing the 
Saris cardinal points of the day,!according to 
the Julian reckoning ; by which means the 
fun’s place is very nearly obtained for the 
three common years after biflextile; and the © 
intercalary: day inferted without confinfion. 
+ eae we derive the: ey aeciee 


“. PROBLEM LL 
Po find the fun’s place any day in the 
| "year on the broad paper circle. 


‘98, Confider whether the year in which 
you feek the fun’s place is biffextile; or 
the firft, fecond, or third year after. 

‘og. If it be the firft year after biffextile, - 
thofe divifions, to which the numbers: for — 
the days of the month are affixed, ' are the 
_ Fefpective days foreach’ month of that year 
at noon; oppofite to which, in the: circle 
of twelve figns, is the fun’s place. 
us 100. If it be the fecond year after biffex- 
tile, the firft quarter of a day backwards, 
or tawards the left hand, is the day of the 
Ee 3 month 
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month for’ that year; againft which, ‘as 105s 
fore, is’ the fun’s place.* 

-1ol. If it be the ehiivehey year after biflextile; | 
half “a day backwards is the day of the 
month for that year, oppofite to which is 
. the fun’s place. 

102. If the year in which you fick Prey 
fun’s place is biffextile, then three quarters 
of a day backwards is the day of the month 
from the rf of January to the 28th» day 
of February inclufive. The intercalary, 
or 29th day, is three fourths of a day to : 
the left hand from the rft of March}, and 
the firft of March itfelf is one quarter of a 
day forward, from the divifion marked. 1 ; 
and fo for. every day in the remaining ibe 
of the leap-year ;, againtt each of which 
is found.the fun’s place. 

In this manner the intercalary sine 1s very 
well introduced every fourth year into the 
kalendar, and the fun’s place very nearly — 


obtained according to the Julian reskoning. 
Thus: 


A.D. ve Sun's place, April 25. 
1769. firft year after biffextile oo : ey megerry 
1770. fecond- - ------ & : 5°: o6/ 
1771. third - - - ----- 0: 4? 5 eae 
ee 


1772. biflextile------- &G: 
. One 
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One ufe.of the broad paper ‘circle’ is to 
dittinguith the points of the horizon ; in this 
cale it repreferits: ‘thé rational natioay of any 
particular place; which is ar ‘imaginary great 
circle in thefphere- of the’ heaveris dividing 
theo wifible from: the. invifible hemifphere, 
This is fuppofed°to be parallel to a leffer 
citcle, called ‘the’ fenfible : Horizon, whofe | 
plane may be: ‘éonceived to touch the furface 
ofthe elobe ‘at ‘that place’ ‘upon which an 
obferver ftands, and to terminate’ his fight 
when he views the heavens round nbc. 
The extent of the fenfible of vifible hori- 
zon is greater arlefs, as we {tand higher or 
‘pala 

es ucee Another: ‘ufe we fhall Make of this 
circle i is to ‘teprefent the circle of illumina- 
‘tion, or ae wirele which Tepiates day from 
night. | 

 Wi'third ‘ufe to which Hie eect: may, ee 
applied; ‘is’ ta reprefent the plane of the 
ecliptic. “AN of which {hall be iuftrated. 
in their proper places. 

Fn all: pofitions of the celeftial globe, this 
Bond’ Paper’ furface is the plane of the hori- 
‘woh, and diftineuifhes the Marien from the 
‘inyifible ‘part of the heavens. 7 

Bi acs Note, 
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. Note; As -this-.circle. occafionally . repre~ 
; fents various, great. circles-of- ithe: fphere, we 
have given it the name of, broad paper circle, 
to prevent; the,reader from, confidering it:as 


an horizon,,.when. it ,really|.reprefents:the 


plane of the earth’s illuminated difc; Beco? 
The north-fide of the’ wooden ; frame 
ought to be, placed direétly jtowardsithe 
north- fide, of the. heavens, which is. readily 
done by. the, mariner’s compals under’ On 
new globes, 7 | 


T The fang brafs circle, or F meridian, 
‘N LESSING 


104. There are two notches in the bioad 


wooden circle, (ast. 97.) upon. the plane. of 


which the broad paper circle is placed, which 
receive the ftrong brafs circle: the body of 
the globe, being {ufpended at two. oppofite 
points in this circle, turns round therein on 
‘north, ys peters 5 the Gat go 

10g. One fide of this ftrong” brafs circle 
is graduated into four quadrants, each con- 
taining go; degrees, . The numbers on two 
of thefe quadrants increafe from the equa- 
ai tor 
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for:towards the poles; the numbers‘on the _ 
other two. increafe. from the hee towards 
the equator. | 

4. Dhe reafon why two yo of the 
** meridian are numbered from the equator, 
‘andthe other two from the poles, “is be- 
“ caufe the firft of thefe two fhew the 
<* diftance of, arly point on the globe from 
the, equator or equinodtial, and the other 
** feryes.to elevate the globe to the seni 
“Sof any: place.” 

106. The ftrong brafs Gail of the celeftial 
globe.is, called. the meridian, becaufe the 
fun’s center is diseGtly, oppofite thereto at 
noon... 

107. On the {trong bie circle of our 
new terreftrial globe, and about 234 de- 
grees on each fide of, thé north pole, the 
days, of. each month.are laid down ag¢cord- 
ing to the fun’s declination. If any day of 
the month i is placed in the plane of the 
horizon, it will thew the fun’s declination 
for that day upon the other fide of the brafs 
- meridian; and this. brafs' circle is fo con- 
trived, that the globe may be placed in the 
polition of a direct or right fphere, (which 
is, when the north and fouth poles are placed 

in 


58 ,. Defeription and Ufe of the» 


in ‘the plane.of the broad paper circle) and 
alfo that the fouth pole may be elevated 
above the plane of the broad paper furface; 
with; as.much eafe as the north pole.» A 
circumftance which we thought: not, un? - 
worthy of our attention in the coe 
of our.new-globes.; ,, — . Sheyey 

108. The graduated’ fide: of esi fiend 
brafs, cir dgmoncdriipafling: our new terreftrial 
globe, faces the weft; being moft asréeable 
to the real diurnal motion of the earth, 
which is: from weft to eaft: iT Ooty 

109. But that which ‘tlerduiids the: céles 
ftial’ globe, °faces| the! eaft, as the apparent 
- diurnal motion of the heavens i is from eaft 
to Weltaloria cterd_ or LOT 

110. In all inclinations. of either globe, 
the north ‘pole’ fhould be directed towards 
the north ‘point’ of ‘the heavens, which the 
matiner’s'compas at M, placed under each 
of the globes, will enable us to do ys the 
greatett readinefs. 


ij 


ra “The? homey circle.’ 


Iid. We fife no cubic cite to niall 
the hours. and minutes of time, -but’the 
| equatcr, . 


Celefial and Terrefirial Globes. sg : 
équator, ‘upon ‘the furface of either globe ; 
it being ‘not’ -only the moft' ‘natural, but 
the largeft circle that can. poflibly be 
applied» for’ ‘that ' purpofe. This is done 
by a) femi-circular wire AS F placed in the 
plane of the equator, carrying: two: indices; 
placed, one on: cach fide of the meridian, 
one of which I is occafionally to be ufed to— 
Point out sthe time. | 

As the fir meridian in our new globes 
paffes through:London, it therefore becomes 
the XII.o’clock hour circle; and- this falls 
upon the interfection of the equator and 
ecliptic at the firft point of Aries; the 
other XIIth hour circle pafles through the 
oppofite. interfection at the firft pont of 
Libra. 
~. Remember, Re the globe fhall be 
hereafter rectified for London, or any other 
place, on the,fame meridian with it, that 
then the graduated fide of the {trong brafs 
“meridian is the horary index itfelf. 

It: may happen, that the globe fhall be 6 
rectified, as that the two points of XII o'clock ~ 
will fall in, or fo near, the eaft and weft 
points of the broad paper circle, that neither 
of the horary.indices can be applied theretos 

Lee} in 
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in this cafe. bring the. horaty index as near 
as poflible, .and make. an neeeenien of a 
_ few minutes. »  afptp 

-112. The hours. and na are estate 
below the degrees. of the echines on apeuelzes 
globes and. as: 103 : 

113. The'motion of the vamos elobe is is 
fronaiweth to eaft, the horarynumbers increafe 
- according to the direction of that motion. ; 

114. The motion of the celeftial globe 
being from eaft: to weft,:the. horary 1 amen 
bers increafe'in that direction. | | 


‘The thin brafs paste circle N HS. 


115. This turns upon the: poles of dss 
globe, and may be‘ called a proper ora 
moveable meridian. It is graduated’ each 
way to: go degrees from the’ equator to 
_ either -pole. 70 tO AQTO 

116. To this faseiatten on thi new ‘ce+ 
leftial globe, fig.’25: is fitted a {mall ‘thin 
brafs circle H, about half an inch diameter; 
which flides from pole ‘to pole; when we 
confider the fun’s apparent diurnal. Aa | 
we call it an artificial fun, co , | | 
117. But to the thin femi+circle iil 
to the new terreftrial globe, fig. 1. is fitteda 

| {mall 


: 
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fmall thin: ‘circle H, about two inches diame? . 
ter, that flides from. pole to pole; which is 
. divided into a’ few of the points of the ma- 
yiner’s compas, ‘and Is dhe a terreftrial or 
vifible horizon. : , ) . 


The Beale. ‘quadrant. OE peta V AGN 


“118. Is.a thin narrow flexible flip of bra, 
Abit will bend to the furface of the globe; it 
fias a nut with a fiducial line * upon it; which 
‘may be readily applied to the divifions on the 
trong brafs meridian of ‘either elobe; one 
of its edges is graduated into go degrees, 
and continued to ‘20 degrees below the hori- 
zon. Upon the terreftrial globe, its ufe is to. 
few the diftance of places; and when ap- 
plied to the celeftial globe, “it fhews the | 
diftance between two ftars. If fixed to the 
zenith or pole of the horizon,’ it fhews the 
altitude of any point upon the globe, its. 
graduations being numbered upwards from 
the horizon to go degrees, and downwards 
to 20 degrees for the depreflion of any ce# 
leftial obje&t. It will reprefent any vertical 
circle pafling through the pole of the hori~ 
zon, in its motion round the zenith point, a§ 
well as the prime vertical, which paffes 

: through ~ 
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thiough the -caft and weft, ‘points | of the 
horizon. _ Upon both globes. it occafionally 
fhews the diftance of, every fecondary to the 
horizon ;. and has other ules; mich will be 
hereafter fhewn. 


119. Note, when we peak of paren 
any point or place to the jirong brafs meridian; 
qe mean that it Joould be brought to its gra- 
duated fi de, which is properly the meridian. 

Alfo, when we fpeak of bringing the moves 
eae meridian, quadrant f. altitude, or any : 
other thin flexible circle, to any point or places 
awe mean that their graduated edges SpHld & i 
brought to that point, or place. 


Of the feveral circles defcribed upon 
the furface of each agiahe 


120. We may imagine as many as we 
pleafe upon the furface of the earth, and. 
conceive them, to -be extended to the fphere 
of the heavens, aie thereon: concentric 
circles. . ; 
121. The phases of all great circles pats 
through the center, and divide the globe into, 
two equal hemifpheres: a fmall circle di- 
vides the {urface of a globe into two unequal 

parts ; 
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parts:y all, circles are saab to Me aivided 
intorg6o degreesiii 2)» 

We) thall begin ‘with: the ie pte of 
dhe equator, this being the moft eminent 
eush cirele:on Komi hm) Mol. .c 


‘The equator or or equinodtal, EI 1Q 


122. Is go degrees diftant Ais the 
two poles of the globe; and is fo called, 
becaufe when the fun’ appears to pafs ver- 
tically over this circle, the days and nights 
are of ‘an equal length t to fe: a inhabitant 
of the earth. 

123. The plane of the equator pales 

through the middle of ede globe’ at right 
angles: to the polar axis.” 
On’ our new globes it is gtaduated into 
360° degrees; upon the terreftrial globe, the 
numbers increafé from the mietidian of 
London weftward; and aig ee round 
to: 266." 

124. They are alfo numbered’ from thé 
fame meridian eaftward by an upper -row 
of ‘figures, for the eafe of thofe ‘who ufé 
_ the Englith tables of the latitude and ‘oda 
tude of places, Oi MGs 90 

| 125: On 
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125. On our new celeftial globes.:the 
equatorial degrees are numbered from«the 
firft point of -Aries: cnt to wis de- 
greeds ie 

126. Clofe under: se Pai Si on sicheg 
‘globe, is graduated a circle of hours: and 
minutes. 

127, On the celettial nbs the ee in 
creafe eaftward from Aries,to. XIIjat Libra, 
where they begin again in, the fame. direes 
tion, and proceed to XII at Aries, agen Ne 

128. But the horary numbers under;thie 
equator of the terreftrial globe, increafe by. 


twice twelve hours weftward, . from :.the 
_ meridian of London, to the fame. again, , 


129. In, every pofition of the alobé,, xy 


cept that of a parallel {phere, the plane, ef 
_ the equator cuts the eaftern and weftern. 


points of the broad paper, circle, when, con- 
fidered either as an horizon, the eclipse 08 

circle of illumination... : | 
And as the globe is turned tte it il 
ways keeps to one point of the {trong brafs 
circle, in which, as hath been obferved; thé 
degrees are numbered, both ways from the 
equator, that the diftance of latitude north 
or en of any point on the farfaceLof 
the 


“ 
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the - globe “may ‘beanie eafily computed. 
Whence arifes the following = 


buinsl, PROB LEM 4; : : 
‘To Had He tide BF 'Z place. 


Uy 30: “Bring the place’ to the graduated fide 
of the: Arong. brafs theridian'y the: degrée it 
then -cuts fiews its diftances-from the equa- 
tor, which on the terreftrial phe is called 


~ Jatitude, .\7 


Thus taitdoh ay 51 + ded, 32 min. of 
fiorth Jdtitade ; Conftantinople, 41 deg: of 
north latitude ; Quebec, in Canada, 46 deg: 
5 min. of north latitudes and the Cape off 
Gout Hopes) 34 deg. fouth latitude. 


PROBLEM im 


deo firid all thofe places which have 
~ the fame latitude with any given 
“sei 


wate the given place Londadl ; 
| Ng the globe round,’ and all thofe places 
“which pais under the fame point of the ftrong 
brafs meridian, are in the fame latitude: |” 
F PROBLEM 


66 orem ‘and’ Ue ” Piha 


. ? 5 d¢ yt 3) 
ee ee a a 
Pele Foe 


PROBLEM. aan WY. 


” 
: : 
: 


To find: thenGittes taemer ine 


ioe Mb any. two- places. 


913.2. Santi London and. Rome, find 
thes latitude ‘of, .each, Place, by. (prob.-ii, arts. 
1 Bes : Their difference i is: the- ass 1 a 


74%) 
ga 4 


PROBLEM yt 


‘To find the. declination of the fan, 
as a itt) Oh sited globe Sis thie fan's 
‘declination, find his place in the: ecliptic by 
prob. i. art. 98, &c. Then bring that point 
of the ecliptic line tipon ‘the globe under the 
ftrong brafs meridian, and the degree which 
it cuts is the fun’s ‘declination for that day. 
Or, 

Upon the terreftrial globe, that parallel 
which paffes through the point of the eclip- 
tic’ ‘diifwering to° the ‘day of. ‘the ‘month, 
‘will thew’ the “fun’s ‘declination, “counting 
‘the'number of parallels from’ the equator. 
Allo; 


EC BB Boi On 
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..<On. the.celeftial. globe, feck the day of the 
nati clofe under the ecliptic’ line _itfelf, 
-againtt. whichis, the fun's, place ;. bring that 
point under: the ftrong brafs meridian, .and 
the degree that,ftands over it is, the fun’s de- 
-clination,for.that-day. . Thus, on the 23d of 
May. the fan's declination will, be about-20 © 
deg. Io min. and upon tS 23d of Augutt i it 
mn, be 41 deg: 13 min,» 


For the declination of any Page 


a Ba. Sascha, Bring the de to the ftedng 
bis meridian on the celeftial globe; and the 
degree, it) ftands under. is its diftance from 
the equator; and this diftance is called the 
ftar’s declination; which may -be either north 
or fouth; according to the fide of the equa- 
tor on which the ftar is fituated. 
Thus the declination of theftar Ar@urus; 
Jmarked, « in: the conftellation Bootes, has 
About zodeg.. 30. min. north decli lination ; 
and. that_of Sirius In Canis Major, ot the 
‘Dog-ftar, marked. a, has about 16 deg: 3° 
min. fouth, declination: 
| 13 oes Hence: we. fee,, that the Laitnide at 
places.on the, earth, and the declination of 
| Fe | the 
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“the fin and ftars, 8c? in the héavens, have 
“but one idea, the meaning’-of: which’ is“fio 
“more than their diftance: (either ‘of places on 
-the terreftrial, or of ‘the luminaries in ‘the 
etn fpheres) from the equator)? 9"? 
“The latitude of a fixed’ ftar' always con- 
‘tinues the fame, but that of the rie moon, 
‘and planets, varies. ChOk O90 
136. Thofe ftars, whofe sdéelictatibhs! are 
| equal to the latitude of any place upon the 
earth, are called correfpondents to that place ; ; 
and pafs once in every 24 hours vertically to 
‘the'inhabitants of fuch latitude + that is, thofe 
ftars appear in their zenith, or-are Shey 
“over their heads. _ Henee the even 


“PROBLEM. Wi 


To find what flars pas over or nearly 
over the zenith of any place. | 


137. Find the latitude of thé place by 
prob. ij. art. 130. upon the terreftrial globe, 
which is the diftance of that place from the 
equator; then turning the celeftial globe, 
all thofe ftars which pafs under the ftrong 
-brafs meridian at the fame diftance from the 
-, equator, will ee dire€tly- over the heads 

, im 
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of. thofe. inhabitants, and therefore become, 
celeftial cortefpondents ta all thofe who live. 
under. the fame, parallel. of, latitude. * | 

Thus the ftar; marked. % of the Couns 
magnitude | in, the head of, the, dragon j ett 
deg.:32..min,.. -diftant from, the. celettial 
equator, {0 alfo,, is London’ at, the fame dif- 
tance from the terreftrial equator ; therefore 
the declination - of, this flar is equal to the 
latitude of London, and ae it, be- 
comes our. celeftial correfpondent., ti 
ath he ftar marked « of the Paar magni- 
! tude | in Perfeus’ fide called Algenib, ‘palles 

over the zenith of thofe inhabitants i in France 
who live 14 min. of one. degree fouth of 
Paris; it alfo. pafles nearly _ over the zenith 
of St. George's Bay in Newfoundland. 


"Coletta and od meridians, 


I 128 Are great circles dravien upon ‘the 
globes from, one pole. to. ‘the. other, and 
croffing the equator at right angles. Upon 
our new terreftrial globe. thére are twenty- 
four of thefe meridians, which are alfo hour- 
circles, being 15 degrees from. each other, 

Thus 1 i degrees on the equator i is equal to 

F : one 
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one hour, and each fingle degiee équal to’ four 
minutes of time. Only four meridians which? : 
are alfo calléd colures; aré’ ‘drawn upon” ‘the 
furface of the’ celeftial: globe. ' 

"139. Thete are no places on the far hice 
of the earth; or ‘fpaces i in the apparent {phere 
of the heavens, | through ' which” meridians 
‘may not be concelyed to” pas; ‘conifequently : 
all points on the terreftrial or celeftial fpheres © 
have their meridians. So’ that they only 
(properly ipeaking) live- under the fame me- 
ridian, that are undet the fame femi-circle, 
on the famé fide of the’ poles. me) 

se his variety, oe meridians” on the globes i ig 
patie by the thin’ brats’ femi- circle, which 
being: moyeable about the poles, may | be fet 
to every individual point of ‘the equator. 
Whence we call, it a moveable meridian, 
art. TI. 28 tay yb Pe oe ESOP. 

140. All thofe bales ss great circles, that 
are drawn. from pole to pole, are the mieri- 
dians ‘of thofé’ places’ through which ‘they 
pals, and being perpendicular to the plane 
of the equator, ¢ are called fecondaries thereto. 

141. One of thefe meridians on our new 
térreftrial globe paffes' through London, and 
is called a firft si becaufe from ‘that 

point 
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point, which 1 is matked_¥, where, it,crofles. 
the « equator, the degrees of longitude, z as. well. 
as the hours and minutes of:time, begin, 

. The oppofite . meridian. to: this crofles;the 
gn Pacifick Ocean; and paffes through the 

rft point of Libra, marked BRO the 
globe. . 
This meridian i is. graduated ae pole to 
pole, and its numbers. increafe from the 
equator each way to, the pole. One patti- 
cular. ‘ufe to which it may. be applied.. and 
for which it was at. firft defigned, is to folye 
fome of the cafes in {pherical trigonometry 
with éafe and. propriety, as will be’ feen 
hereafter. ee 

~ Some geographers make their fet n meri- 
dian nose through the ifle of F er, or : Ferto, 


EpeRDO VEE? Eva owTpaue? Usd 
a O ‘find the longitude of, apa, 


oi : dent 


“142. The hiethon i ‘of any place i is} that. 
point, or degree. upon. the. equator, which is 
crofled by,.the meridian, of that - place,. RES 
ed from a firt meridian,, we 
- Bring the moveable meridian to. he Es. 
and that degree on the equator which it cuts, 


7 “Defeription and Uj of the > 9 


is its" “Jongitude from: Lohidon, in ‘dégtees, 
and | minutes, or that ‘hour and minute is its 
longitude: exprefied i in time. — ‘ 

Or ‘if we bring the place to the cee 
brafs’ ‘meridian, that will cut the see! in 
the longitude as before.” 


Thus Bofton in .New England is. about 
Fok degrees welt of London ;_ Cape 
Comorin’ in the Eaft Indies 282°. Welt 
of London 5 5 Or the longitude of the firft 
place éxpreffed in, time is 4h. 42 pe 
the fecond 18 h, 48 min. 


143., The method of reckoning ost 
always weftward from the firft meridian is 
moft natural, becaufe it is agreeable | to, the 
real motion. of the earth ; 

But the common method is to rechaae it 
half round the globe eaftward, and the other. 
~ half weftward from the firft meridian, end- 
ing either way at’180: degrees, vot 

Thus Cape Comorin is bg degrees eat 

of ‘London #O 

Note, the numbers neareft the’ equator 
increafe: weftward from the meridian of 
London quite round the globe to 360, 
over which another fet of numbers ‘is en- 
graved, which de the contrary way, by 

Which 
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“¢2haa 


ae the equator mies Ak or ven 

@144.0Itiis ‘mid-day or noon to all” places 
in the fame. meridian at the fame time. 

Thus London, Oran, Cape Coaft-caftle 
in the Meditarranean, and Mundfort on the 
Gold-coaft, have their noon nearly ‘at ‘the 
fame time 5 Bofton in New England about 
4h.’ 42 min. later’; and Cape Comiorin 
1 h, 48) min, later. : 

“145. The difference of longitude of any 
two places, in the quantity of an angle at the 
pole made by the meridians of thofe places ; 
mach angle’ is meafured upon the i ais 


{ 


7 0: “expres whis angle upon the 
SSID Tt ee ar globe . 


746. Bring the moveable meridian to one — 
of the places, and the other place under the 
ftrong  brafs “circle, they then contain the 
Tequired angle’; ‘the meafure' or quantity of 
“which is’ the number of. degrees counted 
-on’ the equator. ide thefe two > bral 
meridians. Ott eee 


ire 


PROBLEM 


7 Faria and Ufe of the - 
yf RY ) B a) B ™M ° VIIL. | 
To. find. what places heme mid- dave | 


_or the: fun, ‘upon their! meridian, 
‘at any given, hour of the day in 
any place, propofed... woe 


_.147., Firft, Let the hour propoied be. x 
o’clock in the morning at London. , 

_ As the real diurnal motion of. the. earth, 

here reprefented by, the terreftrial aL ete Md 
_ from weit to-eaft, . 
: All places. to the erie nee any patti 
cular meridian mutt necefiarily pafs by the 
fun, before the) meridian of any other place 
to the weftward of that particular meridian 
can arrive at it. 

148. And therefore as the firft: meridian 
on our new terreftrial globe pafles through 
London, if the: propofed place be London, 
as in this cafe, bring the given hour, which 
is placed on our globes, to the eaft of Lon- 
don if it be in the morning, but to the wett 
of London if it be in the afternoon, to.the 
graduated fide of the {trong brafs meridian; 
and all thofe places which lie dire¢tly under 
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it, have noon, or:the fun;':upon’ their -meéri- 
: dian: When it 1s: Xo clock at. London. 
- Thus having ‘brought: the Xth hour on 
the equator to the eaftward of London.un- 
der: the: divided fide of the: ftrong  brafs 
- meridian, it-will’be found to  pafs ‘over’ ‘the 
eaftern fide of Lapland,: and the éaftern ex- 
tremity: of the gulf of Finland, Peterfburgh 
in Ruffia,- to ‘crofs a; part of Moldavia and 
the Black Sea, thence it pafles over a part of 
Turky, + and OES ; between the iflands of 
Candia and Cyprus ‘in the Mediterranean, 
thence over the ,middle of Egypt through 
the. eaftern fide of. Africa, and acrofs, the bay 
of, Lorenzo; all which. places ~ the dun 
on their meridian when. it is. X vcldlock 4 in 
the morning at London. 
14g. Secondly, Let the hour propoted be 
IV o'clock in’ the ‘afternoon at Port-Royal 
in Jamaica. ogy 
- Bring! BoriiRed yal in: cigtaeil to’ the: Rtronp 
brafs eibriciaal, and fet the horary index to 
that XII which is moft elevated ; then turn 
the globe from weit to eaft, ail the horary 
index points to 1V o'clock, and the {trong 
brafs meridian will pafs over the weftern 
fide of the ifle Pafares in the Pacific Ocean, 
and 
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and the'veaftern fide: of the ifleoLia ->Meffa;. 
thence: it crofies the equator, and» paffes: 
nearly over the iflands Mendoca and Domi- 
nica, which places have the fun on: their 
meridian when it is IV, o'clock in the after- 
noomat Port-Royal in\Jamaica. by 

aq 59. Thirdly, let. the: Ppropofed hour mn 
30 min: ‘patt. V o'clock in the morning at 
Cape: Pafaro in the ifland of Sicily..0:0ust ai 

Bring Cape Pafaro to the flrong brafs. mes 
ridian, fet ‘the | horary: index to that XII 
which ‘is 'moft. elevated,’ ‘and turn the: globe } 
weftward; becaufe ‘the propofed time isin 
the morning, till the horary index points to 
5 h.230 min. and you'll find the ftrong brafs 
-_ meridian to pafs over the middle of | SibeAe 
Chinefe Tartary, the kingdom“ of China, 
Canton in China, the middle of the ifland 
of Borneo; &c. at all which places'it is noon, 
(they having the fun upon their, meridian .at 
the fame time) whencit!is half an hour pait 
V oclock in the moning at me Rotator bi}, 
Sicily. | 


PROBLEM 
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vA 
PROBLEM 'IX, 
ae find What Hout dd is at any Place 
“ propofed when it 4s not at t any 
Slag place. ~ ae ie sy 


yg St. Bring! ithe propofed ie under the 
“ftrong brais meridian, and fet the horary i in- 
“dex to XII, then turning the. globe, bring 
the given. place to the meridian, and the hour 
“tequired will be fhewn by the horary index 
upon the equator. If the propofed place be 
to the eaftward of the given place, the 
an{wer will be afternooti; but if to the wett- 
ward of it, the anfwer is before noon. 

Thus when it is noon at London, it 1s 49 
‘minutes paft XII at Rome, and 32 minutes 
paft VII in the evening at Canton ini China, y 
and alfo 15 minutes paft VIE o'clock in the 
~ morning at Quebec in Canada, and this at. 
one and the fame inftant of time. 


PROBLBM 


G8 Deftriptionand Uf of the, 
PROBLEM, X. 


At any, given: time of the day. in, the 
place. where you are, to. find the 
_ hour at any other place propoled. 


152. Bring the, propofed. place. under the 
ftrong. brafs meridian, and. fet the hoary i in- 
dex.to the giver time; then, turn, the globe 
till, the place where you are is under. the 
-brafs meridian, and the horary index will 

point, to the hour and minute tequired. 
Thus. fuppofe we, are at. London, at IX 
o'clock. in the morning, what time of the. day 
is it then at Canton, in China ?, Anfwer,. as 
minutes. patt IV. in the afternoon. 


Alfo,. when it,is, 4X. in “the evening. at 
London, it..is about, 1 7 minutes: paft IV 
o'clock in the afternoon, at. Quebec in Cas 
nada. 


PROBLEM 


br jath aiid’ Tervepiridl Globes, “99 
Ja sap) Suv) adoalg 93 to taiog tsct 
lo sand odd o10d 


yo! R, ° BLE M:, KG osasiod 


Th he Beate and, ‘éngitude, ae any 
place being; knowns, to find. that 
place upon the globe ; ; or if it be 

not inferted) to find its place, and 


» fix, the ..center. bro the | fifa 
1 horizon thereon, detatacteniys ode 


epi rhe iatinde 6 of Smyrna. in Afia. js 
Pie deg...28 , -min. north;, its, longitude 27 
deg. (39 mun... eaft. of ;London.: a oct 
Bring 27 ‘deg... 30;min.;on the. equator 
counted eaftward of, our, firft. meridian, ito 
‘the ftrong brafs circle, and under 33.deg..28 
min. on the north fide of bs se aa vos 
val find Re 
I deg. 2, min. fit and sd tebe 80 Nb. 
17 min. weft of London: this place.is not 
inferted upon the globe. Therefore bring 
the graduated edge of the moveable meridian 
‘to 80 deg. 17° min. counted weftward:on 
“the equator, and flide the ‘diameter of the 
“artificial horizon to 1 deg. 2 min. fouth 5 
and ‘its ‘center will be correétly placed on 
| that 
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‘that point of the globe, where the Cape of 
Lorenzo ought'to Have beth plated. 
The four laft problems. depend ; entirely 
‘on the’ knowledge of ‘the longitude’ and ‘dif 
“ference bf Rcdbeje2ne of places: IDB: 
dol oft soqu Soslq 
_ The. dlsxic. E, ei 


rz 
a 7. 8 Jf A te 5 


abi Is thiat ott@uated eiele alte ot 
the equator in an angle of. abdat.'23 4 de- 
grees; and this AS is called at eg 
“of the‘ ecliptic. * ee ite 

“S This circle’is divided into 13 gta pats, 
| ek of which contains 30 degrees 5 the: ‘be- 
‘ginning of éach’ r2th° part is marked’ ‘with 
“the ufual charactets, which with their’ names 


“are: as follow: “HE rth c 


>. © f ¢ ce eae wn 
wa ky é i oe wh ad Zeit « 


6 i 2 3% goo bee Ther 
Aries, - Taurus, Gemini, Cancer, Leo, . Virgo, Libra, 


WT OO nn ti, be Sal as yt 


eee p af % 
Scorpio; Sagittarius, Capricomus, quai, Pifeds, . 
Wi sioinerit. «.< 08! Shay bens 


By hee. the twelve ens are ee 
upon the terreftrial globe.” Upon our ce- 
~ teftial globe, juft under the ecliptic. the 
months, and days of each month, are gra 

 duated, 
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duated, for the ready fixing the artificial fun 
upon its place in the ecliptic. 

The fun’s apparent place is always in this 
circle ; he advances thereiii every day about 
59 min. 8 fec. of one degree, and feems to 
pafs through it in a tropical yedr. 

‘15s. Thofe two points, where the eclip- 
tic crofles the equator, are called equinoc- 
tial points, and are matked with thefe cha- 
racters V and « at mf peginning of Aries 
‘and Libra. 
~The firtt of thele j is called he vetnal, a 
fecond the autumnal, equinox. 


196. The firft degtee of Cancer and Capri- 
corn is marked with, the characters 9 and 
VS, which two points are, called the folftices ; 
the firtt is the fummer, folftice; the feeond 
that of the winter, to all inhabitants upon 
the north fide of the equator ; but direly 
contrary to thofe en the fouth fide of it, 


‘Although the ecliptic dogg not properly 
belong to the earth; yet we have placed it 


upon our terreftrial globe according to an+ 


cient cuftom ; it eins ufeful in fome partis 


cular cafes; it is chiefly to be regarded sig 
the Lessa globe. 


ene 157.The » 
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157. Che longitude of the ftars and planets 

~, is reckoned upon the ecliptic; the numbers 
beginning at the firft point of aries ¥, where 
_ the ecliptic crofles the equator, and is 
_ according to the order of the figns. 

158, The latitude of the ftars and planets 
is determined by their diftance from the 
ecliptic upon a fecondary or great~ circle 
paffing through its poles, ‘and oa it at 
sight angles. 

159. pweuar of thefe circular lines, 
which crofs the ecliptic at right angles, being 
fifteen degrees from each other, are drawn 
upon the furface of our celeftial globe ; 
which being produced both ways, thofe on 
one fide meet in a point on the northern 
polar circle, and thofe on the other meet in 
a point on the fouthern polar. circle. 

160. The points determined by the meet- 
ing of thefe circles are called the poles of 
the ecliptic, one north, the other fouth. 

‘16r;'The longitude of the ftars hath been 
obferved to increafe about a degree’ in 72 
years, ert: is’ called: the € precefion Pr i 
“neh bi , 
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"The celeftial et and pelea hs 


es On the farface on: the céleftial lobe: 
ate reprefented by a variety of human and 
other figures, to which the ftars. that are 
either i in or near them, ‘are, referred. 


The feveral fyftems of ftars, which are 
appli¢d to thofe i images, are ‘called conftel- 
lations. Twelve of thefe are reprefented on 
the ecliptic circle, and. exténd: both north- 
ward and fouthward from it. So many of 
thofe. ftars as fall within the limits of 8 de- 
grees on both, fides of the ecliptic. circle, 
together with fuch parts of their images as 
are. contained within the aforefaid bounds, 
conftitute a kind of broad. hoop, belt, . or 
girdle, which | is called the zodiac. | 

The names and the re{pective charactets 
of the twelve figns of the ecliptic may be 
learned by infpection on the furface of the 
broad paper. circle; and. the. conftellations 
from the globe itfelf. 

» 163: The zodiac is sepreterited by eight 
circles parallel to the ecliptic, on each fide 
thereof ; thefe! circles are one degree diftant 

G 2 from 
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from oy other, fo that the whole breadth 
‘of the zodiac is 16 degrees, 

164. Amongtt thefe parallels, the Latihaile 
‘of the planets 1 is reckoned ; and in their ap- — 
parent motion they never exceed the limits 
of the zodiac. ) 

165.-On each fide’ of the wednadt as was 
_ obferved, other conftellations are diftinguith- 
ed; thofe on the north fide are ‘called: nor- 
thern, and thofe on the siti fide of it, 
fouthern conftellations. 4s 


-166. All the ftars which le thefe 
conftellations, are fuppofed to increafe their 
longitude continually; upon which fuppo- 
fition, the whole flarry firmament has a flow 
motion from weft to. eaft; ‘infomuch that 
the -firft ftar-in the conftellation of Aries, 
which appeared in the vernal interfection of 
the equator and ecliptic in the time of Meton 
the Athenian, ‘upwards of 1900 years ago, 
is now removed about 30 degrées from it. 

‘To.-reprefent this motion upon the ce- 
leftial globe, elevate the:north pole, fo that its 
axis may be perpendicular to the plane of . 
the broad paper circle, and the equator wilt 

then be in-the-fame. plane ; let thefe repre2 
fent 
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fent the ecliptic, and then the poles of the 
globe will alfo reprefent thofe of the eclip- 
tic ; the’ ecliptic line upon the globe will at 
the fame time reprefent the equator, inclined 
m an angle of 234 degrees to the broad 
paper circle, now called the ecliptic, and 
cutting it.in ‘two points, which are cal lled 
_ the equinoétial interfections. 

Now if you turn the globe flewt9 soul 
upon its’axis from eaft ‘to weft, while it is 
inthis pofition, thefe points of interfection 
will move round the fame way; andthe in- 
clination of the circle, which in fhewing this 
motion repréfents the equinoctial, will not 
be alteréd ‘by: fuch arevolution of the inter- — 
fecting or equinoétial points. This motion 
is called the preceflion of the equinoxes, 
becaufe it carries the equinodtial points back | 
wards amongft the fixed ftars. nae 

The poles ‘of the world feem to deferibé. 
a circle from eaft to weft, round the poles 
of the ecliptic, arifing from the preceflion, 
of the equinox. This motion of the poles 
is eafily reprefented by the above pofition 
of the globe, in which, if the reader 
remembers, the broad paper circle re- 
prsens the ecliptic, and the axis of the 

| ie 3 : globe 
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globe being perpendicular thereto reprefents 
the axis of the ecliptic; and the two points, 
where the circular lines meet, defcribed in 
art. 159, 160. will now reprefent the poles 
of the world; whence as the globe is flowly 
turned from eaft to weft, thefe points: will 
revolve the fame way about the poles of the 
globe, which are here fuppofed to reprefent 
the poles of the ecliptic, The axis of the 
‘ \ world may revolve as above, although its 
\fituation with refpect to the ecliptic: be’ not 
altered ; for the points here’ {uppofed to re~ 
prefent shea poles of the world;, will always 
i the fame diftance from the broad paper 
rcle, which reprefents the ecliptic in this 
Atuation of the globe *. 
167. From the different degrees of bright- 
néfs.in the ftars, fome appear to be greater 
than others, or nearer to us: on our celeftial 
| globe, they are diftinguithed into’ feven dif- 
ferent magnitudes. 


General phoenomena ans from the 
earth’ s diurnal motion. 

| 168. The daily rotation of the earth about 

' its axis is one of the moft effential points 

1 | ~ which 

* RuTHERFoORTH’s Syftem of Nat. Phil. Vol. II. p.730. 
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which a beginner ought to have in view; 
for every particular meridian thereon is fuc- 
ceflively turned towards every point in the 
heavens, and as it were deftribes circles in 
the celeftial {pheres, perpendicular to the 
axis of the earth, and parallel to each other ; : 
by which means the fixed ftars feem to ire 
an apparent diurnal motion; 

169. Except thofe two points in die Beg 
firmament, into which the earth’s axis, fup~ 
pofed to be fo far extended, would fall; thefe 
two points are called the celeftial poles, which 
correfpond with our terreftrial north and 
fouth poles. 

(170. We have fo conttived tt here oldies 
that the .real diurnal»motion of the Seah 
and the apparent diurnal motion of the 
heavens are reprefetited by them, art. 85, 86. 
and thence all problems folved as réadily in 
fouth as in north latitudes, and in. places: on | 
or near the equator: by which means we 
aré énabléd to thew, how the vidiffitude of 
days. and ‘nights, their various alterations in 
length, the duration of the twilight, &c. are 
really made by the earth’s daily motion, 

upon the principles of the Pythagorean’ or 
Copernican fyftem. 


T 


G 4, | an 
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In fig. 26. ZN QS AE reprefent the aps 
parent concaye {phere of the. fixed. ftars,. 
enqse the globe of the earth,.. whofe.axis, _ 
ns is fuppofed to be extended. to N.S, in 
the {phere of the fixed ftars ; all: the ftars 
feem to revolve upon thefe two Rains a 
poles, eb 
If the plane of the ear rth’ S equator 2zqcae, | 
is conceived to be extended to the ftarry _ 
firmament, it will point out the selelisk 
equator /A = Q.¥ A. | | 

N reprefents the celeftial, and t n aS ai 

refirial north pole, $ and s the fouth pole, 


Parallels of latitude, declination, tro- | 
pics and polar circles. 


171. Fig. 20. That circle which any ftar 
feems. to defcribe in twenty-four hours, is 
called its parallel : thus, fuppofe a right line © 
drawn from C. the: center of the earth, 
through any point d of i its furface, and ex- | 
tended to D inthe ftarry firmament, by 
means of the earth’s daily rotative motion, 
the extremity D of the Jine CD will de- 
{cribe the celeftial parallel Gx Dx G, cor- 
refponding to the terreftrial parallel gd, of 

the 
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the point d.. If DC be fuppofed to be ex- 
tendedito:H, the oppofite fide of the ftarry 


firmament, it will defcribe another parallel, 


aR 


equal to the former. ~ 
Thofe circular lines upon the terref trial 


elobes, which are defcribed from the poles, _ 


on ejther fide of the equator, are parallel 
to it, andvare called parallels of latitude, but 

on the celeftial elobe they are > called par allels 
of declination. 


’ There are four principal lefler Sate pa-. 


allel to the equator, which divide the globe 
into five un sequal parts called zones; thefe 
are the two tropics, and the two Bot 
circles. | | 


We have Hate fhewn, that the Sate 
of any. parallel from the equator, meafured 
in the arch of a great circle on the terreftrial 
{phere, is its parade, and on the celeftial 
{phere, its declination, art. 135... 

172. If the fun, moon, a fixed ftar, or 
planet, is fituated in any parallel between 


the equator 42, Q, fig. 26, and the north 


pole N, it is faid to have north declination ; 


but if towards the fouth pole S, fouth de- 


clination. 


Thus 
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. Thus-the two parallels G D, andoH I,’ 
have the fame declination: becaufe they are: 
equally diftant from Ai Q the equator ; the’ 


firtt hath pote the -laft fouth eects 
tion. 
Hence we whet, ee sue a celeftial. 


parallel GX D, and its correfpondent gxd. 


upon the earth, are two parallel circles, 
being fimilar elements of a cone, whofe axis 
is that of the earth, and apex C, the center. 
of the earth. . Therefore the plane of a ter- 
reftrial parallel cannot be the fame with its 
correfpondent celeftial parallel ; ; only the 
plane of the celeftial equator AS = Q ¥ AB, 

is the fame with that of the terreftrial aA aq 
becaufe thefe two planes are produced by 
the fame radius CQ, perpendicular to the 
axis NS, on which the earth or the heavens 
are {uppofed to turn. 

If by the earth’ s daily rotative motion, a 
ftar D paffes over the zenith d of any in- 
habitant of the earth, that ftar is the celef- 
tial parallel, which correfponds to the ter- 
reftrial parallel of the obferver; for the di- 
fiance of the celeftial parallel G D, contains. 
the fame number of degrees from 7 Q the 
ccleftial equator, as that of the inhabitant’s 

paralle] 


= 
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parallel ed does” ini x wees si terreftrial 
a 


Therefore the meafure of the arch of any 
inhabitant’s diftance from the terreftrial  e- 
quator, which is called the latitude of the 
place, is fimilar and equal in the number of 
degrees, to that fixed ftar’s declination, which 
paffes over his zenith. © 


If the inhabitant changes his RAE a . 
either north or fouth, the different declina- 
tions of thofe ftars which pafs over: his Ze~ 
nith, at the feverak places of his removal, 
will thew his advance towards or regrets 
from the equator. 


Whence any place upon the earth may 
be reprefented by its correfponding zenith 
point, in the apparent concavity of the ftarry 
{phere ; as fhall be hereafter fhewn, 


173. Upon our new terreftrial globe, there 
are twenty-three parallels drawn at the di- 
ftance of one degree. from each other, on 
both fides the equator; which, with two 
other parallels at 234 degrees diftance, in- 
clude the ecliptic circle; thefe two are called 
the tropics... That on the north fide of the 
equator is called the tropic of Cancer; and 

the 
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the other, which is onthe Gusthy fide: of it, 
the tropic of Capricorn. 

174. The {pace between thefe two tro- 
pic, which contains about 47 degrees, was 
called by the ancients, the torrid: zone. 

‘The two. polar circles are now placed at 
the fame diftance from the: poles, that an . 
two tropics are from the equator. 

One of thefe is called the northern, iH 
other the fouthern peas circle. 

Thefe include 23% degrees on each fide 
of their refpective poles, and confequently 
contain 47 degrees, equal to the number of 

degrees included between the tropics. 

175. The. {pace contained within ‘the 
northern polar circle, was formerly called, 
the north frigid zone, and that within 
the fouthern polar circle, the fouth frigid 
zone. 

176, The {paces between either polar 
circle, and its neareft tropic, which contain | 
about 43 degrees each, were called by the 
ancients the two ternperate zones. 

177. “Whenever any parallel paffes through, 
two places on the terreftrial globe, thefe 
places have the fame latitude. me 
a ats ’ | Alfo 
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Alfo all thofe {tars which-are in the fame 
parallel upon the celettial a have the 
fame declination. | 
And as the ecliptic i if selec to "the equa- 
tor in an angle of 23% degrees, and is, in- 
cluded between the tropics, every. parallel. 
in the torrid zone muft neceffarily: crofs the 
ecliptic in two places ; which two points | 
fhew the fun’s place,. when he is vertical 
to the inhabitants of that parallel ; and the 
days of the month upon the broad. paper 
circle anfwering to thofe points of the eclip- 
tic, are the days on which the fun pafies di- 
rectly over their heads at noon, and are © 
called their two midfummer days: whence’ 
the inhabitants of the torrid zone have two | 
fummers and two winters every year. 
Hence as the earth’s progreflive, or rather 
apparent annual motion, feems to be in the 
celeftial ecliptic, the fun’s declination’ is 
thereby changed gradually every day. There- 
fore on’ our new terreftrial globe, as men- 
tioned in art. 173. we have drawn parallels 
thro’ the whole {pace of the torrid zone, and © 
the two {paces within the polar circles, to 
give a general and clear idea of the fun’s ap- 
parent paflage from one tropic to the other. 
The 
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The colures : 


178; Are circular lines drawn on ‘the 
eeleftial globe from pole to pole, (as mieri- 
dians are upon the terreftrial globe) croffin Ki 
the equator at right angles, and being e= 
condaries to it. Art. 140. | 


179. The two celeftial ‘meridians whick 
pafs thro’ the firft point of 7 and = making 
together one great circle, are reprefented by 
the circle B r K = B, in fig. 26. and are 
called the equinoctial Bok The points 
marked ¥ and = are called the equinoxes, 
or equinottial points. 


180., The two celeftial media repres 
fented by the circle N/E SQN, pafling 
through the folftitial points (marked % and 
v3) of Cancer and Capricorn, are called the 
folftitial colure. 


: « 
a 


181. Thefe colures cut seats Brio at 
right. angles in the poles. of the world, and 
divide the celeftial equator, ecliptic; .and 
zodiac into four equal parts, which /points 
determine the four feafons of the years: See 
art. 34, to 41. and.-att, T3876 lense a aig 
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The equinoctial colure only pales through 
the poles of the world at'n ands. But, 
The folftitial colure paftes through the 
poles of the world at n and)s, and:alfo 
through the poles of the tas at B and K, 
fig. 26... > 

Whence it happens in every mara rota~ 
tion of the earth about its axis, that the 
-folftitial and equinottial coloures “are twice | 
blended with every meridian upon the fur-_ 
face of the earth: confequently, ‘each pole 
of the ecliptic appears to pafs, once every 
day, over all the meridians of the verte ttcied 
dphere. [Og 
182. All thofe circular ‘sk that are, or 
may be fuppoted, drawn .on ‘the celeitial 
globe, which pais through the. poles, cutting 
the equator at right angles, are called circles 
of declination; becaufe the declination: of 
‘thofe points or ftars through which they 
pals, or the diftance of thofe ftars 'from the 
equator, is meafured upon thefe circles: and 
_ this is done by bringing the divided edge of 
the moveable meridian to any ftary sy 
- Hence the thin brafs femi-circle, art. Laig: 
which we: call the moveable. meridian, is 
- alfo a moveable circle of declination: «vos 
Ardtic. 
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Artic and antardic circles, or 
circles of perpetual apparition 
and cedulation: 


183. The laieent parallel of latitude oh 
the terreftrial globe, as well as the largeft 
circle of declination on the celéftial, that 
appears entire above the horizon of any 
place in north latitude, was called by the 
ancients the arctic circle, or pati of ta 
tual apparition. 

. Between that arétic circle and the narth 
le in the celeftial fphere, are contained 
all thofe ftars which never fet-at that place, 
and feem to us, by the rotative motion of 
the earth, to be perpetually carried round 
above our horizon in circles parallel to i 
equator. 

The largeft parallel of latitude on the 
terreftrial, and the largeft parallel of decliz 
nation on the Selena globe, which is en- 
tirely hid below the horizon. of any place, 
were by the ancients called-the antarétit 
circle, or circle of perpetual occultation. 

- This circle includes all the ftars which 
“never rife in that | place to an inhabitant 
, On 


a 
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of the northern hemifphere, but are perpe- 
tually below the horizon. | 

All ar@tic circles touch their horizons in 
ike north point, and all antarGtic circles 
touch their horizons in the fouth point ; 
which point, in‘the terreftrial and: celeftial 
{pheres, is. the interfection of the meridian 
and horizon. |... 

_ If the elevation of the at be 4 5 déprecs; 
the moft. elevated part either of the arctic 
or antarétic circle; will be in the zenith of 
the place. , 

If the pole’s iheaitcad a lef than 45 
degrees, the zenith point of thofe’ places will 
fall without its arctic or antarctic circle. If 
greater, it will fall within. - 

‘Therefore the nearer any place i is to the | 
equator, the leffer will its arGtic and ant- 
arctic circles be; and on the contrary, the 
farther any place is from the equator, the 
greater they are. So that, je 
be. the poles, the equator may be con- | 
, fidered as both an arctic and antarctic cir- 
cle, becaufe its plane i is coincident with that 
of the horizon. 

_ Butat the equator (that is,ina tight fohere) 
there i is neither arétic nor antar¢tic circle. 


H “* They 
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_. They who live under the northern polar 
circle, have the tropic of Cancer for their 
arctic, and that of Capricorn for their ant- 
arctic circle. 


And they who live on either be have 
one of the polar circles for their arctic, and 
the other for their antartic. circle. 

Hence, whether thefe circles fall within - 
er. without the tropics, their diftance from 
the zenith of any place is ever equal to the 
difference between the pole’s elevation, and 
that of the equator above the horizon of 
that place. 

From what has been faid, it is “sal 
there may be as many arctic and antarctic” 
circles, as there are individual points upon 
any one meridian, between the north eee 
feuth poles of the earth. | 

184. Many authors have miftaken thefe 
mutable circles, and have given their names 
to the immutable: polar circles, which laft 
are arctic and antardtic circles, in one parti« 
cular cafe only, as-has been fhewn. 


The 
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The caufe of the daily change in 
the declination of the fun 


18 5. Arifes from the earth’s annual mo- 
tion in the ecliptic, the inclination of its 
axis, and its always moving Nao ag to 
itfelf. 

Imagine the plane of the earth’s orbit 
extended as far as the fixed ftars, it will 
there mark out the circle , =; vs, Y; SS, 
which we call the celeftial ecliptic; fee 
fig. 26. 

From this comparifon of the earth’s orbit | 
with the celeftial ecliptic, is derived the 
ancient rule to find the fun’s place, if we 
firft find the earth’s place, either by obfer- 

vation or calculation ; fix figns added to or 
- fubfiraéted from it gives the fun’s true place 
in the ecliptic. Confequently it is the fame 
thing, when we confider the daily motion 
of the earth about her equatorial axis, re- 
prefented by the terreftrial globe, whether 
we fuppofe the earth, or the fun, to have 
an annual motion. 

It is alfo the fame thing in the ufe of the 
celeftial globe, whether we fuppofe the 
earth to turn upon her equatorial axis, of 

Hi 2 the 
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the ftarry {phere to revolve upon the ex- 
tremities of the fame axis extended to the 
heavens: the refult in either cafe will be 
the fame, provided we conceive ourfelves at 
the center of the globe. 


186. We hall therefore fappofe A fun’s 
apparent annual motion to be in the plane 
of the celeftial ecliptic, art.34 to 41. and 
in his paffage through it, defcribing by a ray 
connecting the centers.of the earth and fun, 
a different circle of declination, parallel to 
the equator every day. Whereby all who 
inhabit any. of thofe places on the earth 
which are fituated between the terreftrial 
tropic of Cafcer reprefented in fig. 26. by 
>, e, and the terreftrial tropic of Capricorn 
reprefented by h, v8, have the fun at the 
time he is Patear eee theif parallel, in their 
zenith ; or directly vertical, or over their 
heads, which happens twice every year. 

_ 187. Whence the inhabitants of thofe 
places, as well as mariners who pafs be- 
tween the tropics, have a correfponding 
zenith point, where their latitude is equal 
to the fun’s parallel of declination, from 
the fun by day, and from the ftars by 
night. 


Cd ™* 
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It is ‘eafily conceived, that if the planes 
of the equator and ecliptic were ‘united 
in one continued plane, a central folar 
tay, connecting the centers of the earth 
and fun, would by the earth’s. diurnal 
motion defcribe the equator every day; 
but, as we have before obferved, the fun 
does apparently defcribe a different parallel 
every day: wherefore the ecliptic and equa- 
tor are inclined to each other in an angle | 
‘confirmed by obfervation of about 23 ae 
29 min. | 

Let the fun’s apparent annual Lage. be 
reprefented by the circle’ 96, (4; 3 fig. 
26, which bifects the celeftial equator Z = Q | 
7 A, in the points = and ¥ ; the firft of 
thefe is called the autumnal, the et 
the vernal, equinoial point. | | 

When the fun is in 2, he appears to 
defcribe the equator, at which time he has 
no declination; and as he proceeds gra- 
dually from “x towards vs, his fouthern 
declination continually increafes, and he 
defcribes lefs and lefs parallels, till he 
appears in vs, and defcribes the tropic 
of Capricorn; being then at his greateft 


fouthetn declination, viz. at his greateft 
: H 3 diftance 
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diftance from the equator foutherly, and 
alfo in the winter folftice. 

In paffing from V3 to V, ‘his declination 
decreafes, and the parallels he defcribes 
are greater and greater, until he comes to 
Aries, or the vernal equinox, and again 
has no declination, defcribing the equator 
as mee 

he advances Sota thence towards 
5, ‘. declination increafes, and the pa- 
rallels defcribed are lefs and lefs, until he- 
arrives.at 9%, or the fummer folftice; being 
then at his greatett northern declination, 
defcribing the tropic of cancer. 

Thence proceeding forwards towards ~, 
the declination continually decreafes, and 
the parallels defcribed increatfe till the fun’s 
arrival at the next fucceeding autumnal 
equinox; where he again defcribes: the 
equator, having no declination ; and com- 
pleats the length of a mean folar tro- 
pical. year, containing 365d. 5 h. 49 
min. 

What we have faid with ea to fum- 
mer and winter foiftices, is to be under~ 
ftood with relation to thofe places which 
lie between the equator and the north poles 

but 
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but to the places between the equator and 
fouth pole, the contrary happens. 

The two equinoxes are the fame to all 
the inhabitants of the earth. 

We have been thus particular in our 
defcription of the -fun’s apparent annual 
motion, for the ufe of beginners; and we 
hope this confideration will plead in our. - 
behalf, if we fhould appear tedious or trifling 
to thofe who are matters of the fuibject. - 

But what has been faid, might yet be 
more clearly illuftrated by an orrery of a 
tellurian, which fhews the annual and diur- 
nal motions of the earth, and parallelifm of 
its axis, &cc, and by the different pofi- 
tions of the earth’s axis, with refpect to her 
enlightened difc, will make it appear to the 

_ eye asitis really underftood by aftronomers; 
and then we may with more propriety repair 
to the ufe of the globe itfelf, 


To fupply the want of a tellurian 


188. Defcribe a circle ABCD, fig. 8, 
with chalk upon the floor, as large as the 
- room will admit of, that the globe may be 
, moved round upon It: divide this circle | 


H fs into 
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into twelve parts, and mark them with the 
characters of the twelve figns, as they aré 
engraved in fig. 8. or upon the broad pa- 
per circle ; placing % at the north, v3 at 
the fouth, v in the eaft, and in the 
weit : the mariner’s compafs under thie 
globe will dire the fituation of thefe points, 
if the variation of the mashetis needle Oe 
attended. tO. | : 

Note, At London the variation is be- 
tween 20 and 21 degrees from the north 
weftward. | 
"Elevate the north pole of the slobe, fs 
that 664 degrees on the ftrong brafs meri- 
dian may coincide with the furface of the 
broad paper circle, and this circle will then 
reprefent the plane of the ecliptic, as mens 
tioned in atticle 103. 


Set.a {mall table or a ftaol over shi cene 
ter of the chalked circle to reprefent the 
fun, and place the terreftrial globe upon its 
circumference over the point: marked ve, 
with ‘the north pole facing the imaginary 
fun, and the north end of the needle point- 
jng to the variation: this is the pofition of 
the earth with refpect to the fun at the time 
of the fummer folftice about the 21ft of June: 


Sn ($30 wane *16 ‘eaek and . 


1657 TOO onrcati_on.. 
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and the earth’s axis, by this’ retification of 
‘the globe, is inclined ‘to the plane of the 
large chalked circle, as well as’ to the plane 
of the broad paper circle, in an angle of 235° 
degrees; a line’ or fring Baie” from the 
center of ‘the imaginary foi to that of the 
globe, will reprefent a central folar ray con-~ 
necting the centers of the earth and fun: this 
ray will fall upon the firft point of Cancer, 
and defcribe that circle, fhewing it to be the 
fun’s place upon the terreftrial ecliptic, which 
is the fame’as if the fun’s place, by extend- 
ing the ftring, was referred to the oppofite 
fide of the chalked circle, here vat ets 
the earth’s path i in the heavens. 

If we cohceive a plane to pafs through 
the axis of the globe, it will alfo pafs through. 
the {uin’s center, and the points of Cancer 
and Capricorn in the terreftrial and celeftial 
ecliptic; the central folar ray in this pofi; 
tion of the earth is alfo in that plane; this 
can never happen but at the times of the 
folitice. | 

If another plane be conceived | to pafs . 
through the center of the globe at right 
angles to the central folar ray, it will divide 
the Blobs into two ‘hemifpheres 5 that next 

| : ae the 
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the center of the chalked circle will repre- 
fent the earth’s illuminated difc, the con- 
trary fide of the fame plane will at the fame 
time thew the obfcure hemifphere. 

The intelligent reader, for the ufe of his 
pupils, may realize this fecond plane by cut- 
ting away a femicircle from a fheet of card 
pafte-board, with a radius of about 14 tenth 
of an inch greater than that of the globe 
~ itfelf; if this plane be applied to 664 dee 
grees upon the {trong brafs meridian, it will 
be in the pole of the ecliptic ; and in every 
fituation of the globe round the circum- 
ference of the chalked circle, it will afford 
a lively and lafting idea of the annual and 
diurnal. motion of the earth, of the various 
phenomena arifing from the parallelifm of 
the earth’s axis, and in particular the daily 
change of the fun’s declination, and the 
parallels thereby defcribed. 

_ Let the globe be removed from v3 to x, 
and the needle pointing to the variation as 
before, will preferve the parallelifm of the 
earth’s axis; then it will be plain, that the 
firing or central folar ray will fall upon the 
firft point of Leo, fix figns diftant from, but 
oppofite to the fign *, upon which the globe 
{tands ; 
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ftands: the central folar ray will now de- 
{cribe the 20th parallel of north declination, 
which will be about the 23d of July. 

If the globe be moved in ‘this manner 
from point to point round the circumference 
of the chalked circle, and care be taken at 
every removal. that the north end of the 
magnetic needle, when fettled, points to 
the degree of the variation, the north pole 
of the globe will be obferved to recede from 
the line connecting the centers of the earth 
and fun, until the globe is placed upon 
the point Cancer: after: which, it will at 
every removal tend more and more to- 
wards the faid line, till it comes to Capri- 
corm again, 


PROBLEM XI, 


BS rectify either globe to the lati- 
tude and horizon of any place. 


189. If the place be in north latitude, 
raife the north pole; if in fouth latitude, 
raife the fouth pole, until the degrees of the 
given latitude, reckoned .on the ftrong brafs 
meridian under the elevated pole, cuts the 
plane of the broad paper circle; then this 

circle 
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circle will reprefent the horizon of that 
place. Thus for London, elevate the North+ 
pole till. 51°. 32’. on the ftrong brafs me-+ 
ridian, cut the broad paper inhi and the ~ 
globe is rectified, yuk 


To rectify for chassalat place. 


199. After the former retification, bring 
the degrees of the fun’s place in the ecliptic 
line upon the globe to the ftrong brafs 
meridian, and fet the horary index to that 
XUch, hous upon the equator which a6 
mmoft elevated. 

Igt. Or, if the fan's place ‘is tobe 
retained, to anfwer various concluftons, 
bring the graduated edge of the move- 
able meridian to the degree of the fun's 
place in the ecliptic, upon the celeftial 
globe, and flide the wire which crofles the 
center of the artificial: fun thereto: then 

bring its center, which is the interfection of 
the aforefaid wire, and graduated edge. of 
‘the moveable meridian, under the ftrong 
brafs meridian as before, and fet the horary 
index to that XII on the equator which is 
moft elevated, 


Lo 
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To reétify for the zenith: of any 
place. 


mes 
=) Ad: 4 


192. After the firft rectification, {crew the 
nut of the quadrant of altitude fo many de- 
erees from the equator, reckoned on the 
ftrong brafs meridian towards ‘the elevated 
pole, as that pole is raifed above the plané 
of the broad paper circle, and that point 
will reprefent the zenith of' the place. 

Note, Thé zenith and nadir are the poles 
of the horizon; the former being a point 
dire&tly over our heads, and the latter, oné 
directly under our feet. 

~493. If you are doubtful chine the: 
proper point of the brafs’meridian is cor- 
rectly cut; when fet by the eye; apply a card _ 
cut in the fhape of fig. 27. to the place, flat 
_ upon the broad paper citeley: and’ it will be 
truly adjufted.* 

If, when the globe is in this ftate, we lool 
on the oppofite fide, the plane of the ho- 
rizon will cut the ftrong brafs meridian at 
the complement of the latitude, which jis 
alfo the elevation of the equator aaaye the’ 
horizon; 

| PROP 


© ® Sev the advertifement at the end of she preface. 
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PROBLEM UXIIl. 


To find the moon’s mean place upon 
the celeftial globe, her age and 
day of the month being known. 


194. The moon increafes her longitude 
in the ecliptic every day about 13 deg. 10 
min. by which means fhe croffes the meri« 
dian of any place about so minutes later 
than fhe did the preceding day. | 

Thus if her place be in the 12th degree 
of Taurus any day at noon, it will be 25 
deg. 10 min, in Taurus on the fucceeding 
noon, 

It is new moon when ie fun and moon 
have the fame longitude, or are in or near 
the fame point of the ecliptic; 

When they have oppofite londitudesss or 
are in oppofite. points of the ecliptic, it is 
full moon. Art. 56 to 64. 

To perform this problem tolerably near 
the truth, without having recourfe to an 
ephemeris; which may not always be at 
hand, 

Find the day of the new moon next ae 
ceding the given day of the month in any 

common . 
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common almanack, the number ‘of’ ‘Gays 


elapfed is the moon's age. 

- The equator on ‘our new celeftial globe 
is divided by large dots into 294 equal parts, 
each of which is dire@ted bya fhort dotted 
line, to a number marked in Roman fi- 
gures, exprefling the feveral oe of the 
moon's age. 


The ‘rule. 


19. Elevate the north pole of the ce- 


“leftial globe to go degrees, and then the 


equator will be in the plane of, and coincide 
with the broad paper circle; bring the firft 
point of Aries, marked ¥ on the globe, 
to the day of the new moon on the faid 
broad paper circle, which anfwers to the 
fun’s place for that day; and the day.of the 


_ moon’s age will ftand againft the fign and 


a 


_ degree of the moon’s mean place; to which 


fet the artificial moon upon the ecliptic. on 
the globe. 

But if you are. provided with an ephe- 
meris *, that will give the moon’s latitude 
and pce in the ecliptic; firft note her place 


~ in the ecliptic upoa the globe, and then 


counting 
: * The Nautical Almanack is the beft Englith Ephe- 


“$neris extant. 


112. Défription aid Ue of tbe 
counting fo many. degrees amongft the pa~ 
rallels i in the zodiac, either above or below 
the ecliptic, .as her latitude is north or fouth 
upon the given day, and that will be the 
point which reprefents the true place of the 
moon for that time; to, which sa the 
artificial moon. A 

196. Note, The evar moon is a {mall 
thin piece of braf$ in form of a crefcent, 
having two holes a and b, fig. 28. through 
which a {mall firing of filk twit is put, that 
it may flip backwards or forwards. upon Ta 

To oné end ¢ of this filk {tring is tied 
a fmall piecé of bras de ¢ with three 
holes; at déc. 

‘The manner Of putting it upon ‘the globe 
is this: firft put the crefcent a b, on the 
{tring ; and the piecé of brafs, by pafling 
the ftting through the two holes d, e, the | 
ftrihg being as yet léft fies. The two ends 
of the ftring being loofe, pals the end F 
round the north pole of the globe, in 2 
Stoove made for that purpofé, and tie it 
into a loofe loop like Fg; then put the other 
énd of the flring Gc our thé fouth pole, 
dnd tie it faft to the hole at c: then by pull- 
ing the piece dec upwards, the ftring may 


be 


* 
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be tightned on any part of the globe, and 
puthing it downwards will flacken it, that 


it may be removed to any other place, and 
i eae again. 


PROBLEM XIV. 


as RS cclent the apparent diurnal 
motion of the fun, moon, and 
{tars, on the celeftial globe. 


197. Find the fun’s place in the ecliptic, 
by problem 1. art. 98. and to that point on 
the ecliptic line which is drawn upon the 
globe, fet the center of the artificial fun. Alfo, 

Find the moon’s place by problem xiii. 
art. 194. and fet the center of the artificiak 
toon upon it. 

Reétify the globe to the latitude, git 
place, and zenith, by problem xii. art. 189, 
igo, and 192. 
| The globe being turned round its axis 
from ea{t to weft, will reprefent the appa= © 
rent motion of the fun, moon, and Kars 
for that day. 

198. When the center of the artificial 
fun isin the plane of the horizon on the 

7 J eaftern 
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-eaftern fide, the horary index thews upon _ 
the equator the time of fun rifing. 

199. All thofe ftars which are then in ig 
plane of the horizon on the eaftern fide, are 
at the fame inftant of time rifing with the 
fun, and thofe on the weftern fide of the 
horizon, are then fetting. | 

Their diftance from the true eaft or a 
points of the horizon, is called the fun or 
ftar’s amplitude. 


200. And when the-center of rhe arti~ 
ficial moon comes to the horizon on the 
eaftern fide, the horary index will point to 
the hour and minute of her rifing. 

And thofe ftars on the eaftern edge of the 
horizon are then rifing with her, whilft at 
the fame time all the ftars, cut by the 
weftern edge, are fetting. | 

. That degree and minute of the 
Lhe & which is cut by the plane of the 
horizon, at the fame time that the center of 
the artificial fun, moon, or any flar, is alfo 
* eut by the faid plane, is the very point of 
the equator, which rifes with either of them, 
and is called the fun, moon, or ftar’s oblique 
afcenfion. ! 


= 


202. As 
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202, As the fun afcends in the heavens 
till it Culminates, or comes under the gra- 
duated fide of the ftrong brafs meridian, the 


horary index will fucceffively point to the 
hours before noon ; but when it is under 


it, the horary inde points at XII o'clock ; 
and that degree and minute on the equator; 
which is then cut by the brafs meridian, is 
called the fun’s right afcenfion, that is, its 
diftance froin the firft point of Aries, reck~ 
oned in degrees, oe ig, &e.- upon the 
equator. 

203. At the fame time, that degree of 
the brafs meridian; which is directly over 
the artificial fun, is his declination, art. 133; 
for that day. 

» The fame is to be obferved of the moon 
or any ftar, a$ they afcend in the heavens, 
till they culminate or come under the meri- 
dian, the horary index conftantly pointing 
to the hour of the day or night; their 
right afcenfion and declination are alfo 
fhewn in the fame manner as that of the’ 
Rye!) Sou" 
204; While the fun defcends from the 
meridian weftward, the horary index fuc- 
eeflively fhews the hours after noon. 
3 I2 And 
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And when the center of the artificial fun 
ig in the plane of the horizon on the weftern 
fide, the horary index fhews the time of fun 
fetting ;. and that point of the equator which 
is then cut by the plane of the. horizon, is 
the point which fets with the fun, ands Is 
called his oblique defcenfion. | 

205. The number of degrees on the 

equator contained between the points of his 

oblique afcenfion, and right afcenfion, or 
between the points of his right, afcenfion 
and oblique defcenfion, is called his aipepe 
fional difference. ._- 

Obferve the fame with pee to the 
moon or any ftar: as they defcend from the 
meridian weftward, the horary index’ will 
fucceflively fhew the time of their arrival at 
any given point, their fetting, oblique de- 
fcenfion and afcenfional difference, in the 
fame manner as before defcribed in relation 
to the fun. 

The rifing, culminating, fetting, &c. of 
any planet may be obtained, if the place of 
the planet, its longitude and latitude being 
_ taken from an Sacer be afcertained ; 
and an artificial planet fet thereto, in the 


manner in which we have directed the arti- 
ficial 
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ficial moon ‘to be placed upon the globe, 
art. 196. or this laft may occafionally re- 
a a planet. 

“Thus on the 18th day of June, A. D. 
1769 new ftile, being the firft year after 
biffextile, the fun’s place will be a, 27 deg. 
22 min. the moon’s place “, 18 deg. o min. 
her latitude north o deg. 30 min. The full 
moon about < of an hour paft VIII. o'clock 
in the mornings to which places, if the ar- 
tificial fun and moon be fet, a beginner 
may readily exercife himfelf in finding the 
proper anfwers agreeable to thefe data, by 
the difections in this problem. | 


Parallels of altitude. 


206, The globe remaining re@tified as in 
the laft problem, the uppermoft point repre- 
fents a point in the heavens direétly over our 
heads, which is called the zenith: and as 
the braf$ quadrant is moveable about its up- 
per end as a center, when that center is_ 
fixed to the latitude of the place upon the 
{trong brafs meridian, it will be in the zenith, 
and the beginning a its graduations will 
coincide with the plane of the broad paper 

i te circle, 
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circle, which in thefe cafes reprefents the 
horizon of the place. 

If the quadrant be moved about the globe, 
its firft divifion will defcribe the horizon.” 
And, 

At the fame time, all. its intermediate. 
divifjons will defcribe circles parallel to the 
horizon; the point marked, 10 defcribes a. 
parallel of 10 degrees, the point marked 29. 
a parallel of 20.degrees, and fo of any other . 
point. is | 
207. Thefe circles parallel to the horizon 
are called parallels of altitude, becaufe they 
fhew the elevation of the fun, moon, {tars, 
or planets, above the plane of the hori-. 
Z0N 3 

And the divifions on the quadrant itfelf 
in each cafe reprefent the diftance of every 
. fecondary to the horizon : 


PROBLEM XV. 
To find the fun’s altitude at any. 
given time of the, day. 

208. Set the center of the artificial fun to 
his place in the ecliptic upon the globe; 
and rectify it to the latitude and zenith, by 

| problem 


Celefiial and Terreftrial Globes. I 9 


problem xii, art. 189, &c. bring the center. 


of the artificial fun under the ftrong brafs 
meridian, and fet the hour index to that XII 


which is‘ moft elevated; turn the globe to 


the given hour, and move the graduated 
edge of the quadrant to the center of the 


artificial fun; and that degree on the qua~ 


drant which is cut by the fun’s center, is 
the fun’s height at that time. 


The artificial fun being brought Pacer 


_ the ftrong brafs meridian, na the quadrant 


laid upon its center, will thew its mer idian, 


or greateft altitude, for that day. 

If the fun be in the equator, his greateft 
or mietidian altitude is equal to the elevation 
of the equator, which is always equal to the 


co-latitude of the place, or the difference of 
the latitude from 98 degrees, 


Azimuth or vertical circles. 


_ 209. An azimuth circle in aftronomy,. is 
the very fame as a circle of pofition in 
geography ; 5 they being. fecondaries to the 
horizon, or great circles paffing. through the 
zenith of any place, and croffing hada ian 
at fight angles: either in the heavens, called 
azimuths 5 or on the earthi, circles of pofition, 

14. ~, Any 
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Any azimuth. circle may be reprefented. 
by the quadrant of altitude, when the cen- 
ter upon which it turns, is fcrewed to that 
point of the ftrong brafs meridian, which. 
an{wers to the latitude of the place, and the 
place brought into the zenith. 

- Suppofe at London, if you bring the 
Hivided edge of the quadrant to 10 degrees 
on the inner edge of the broad paper circle, 
it will reprefent an azimuth circle of 10 de- 
erees; if you fet it to 20, it will reprefent 
an azimuth circle of 20 degrees; and fo of 
any other. 

If the quadrant of altitude be fet to o 
degree, that is either upon the eaft or weft 
points of the broad paper circle, it will then 
reprefent that fecondary to the horizon, or 
azimuthal circle, which is called the prime 
vertical. 


“PROBLEM XVI. 
To find the azimuth of the fun, or 
any ftar. 
ato. Redtify the globe to the latitude 
and {un’s place, art. 189, 190. then turn it 


to the given hour, and bring the divided 
edge 
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edge of the quadrant of altitude to the fun’s 
place in the ecliptic, or to the center of 
any ftar, and it will crofs the horizon at the 
azimuth required. | 
_ The diftance of that point of the hotel; 
in which the fun appears to rife or fet, 
counted) from the prime vertical, art. 209. 
- or eaft and weft points of the horizon, is 
called the fun’s amplitude. 


GO-R:.O-L-L’*A R°Y:; 
To find the angle of pofition of 


places. 


211, The angle of pofition is that formed 
between the meridian of one of the places, 
and a great circle pafling through the other 
place. 

 Reétify the globe ta the latitude and 
zenith of one of the places, art. 189, 192. 
bring that place to the ftrong brafs meri-_ 
dian, fet the graduated edge of the quadrant 
to the other place, and the number of de- 
grees contained between it and the ftrong 
brafg meridian, is the meafure of the angle 
fought, Thus, 


The 
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The angle of pofition between the meri- 
dian of Cape Clear in Ireland, and: St. 
Augutftine in Florida, 1s about $2 degrees 
north wefterly; but the angle of pofition 
between St. Auguftine and Cape Clear, is 
only about 46 degrees north eafterly. 

Hence it is plain that the line of pofition, 
or azimuth, is not the fame from either place 
to the other, as the romb- lines are. 


COROLLARY. 
To find the bearing of one place | 


from another. 


212. The Bently of one fea-port from, 
another is determined by a kind of fpiral 
-ealled a romb-line, pafling from one to the 
other, fo as to make equal angles with all 
the meridians: it paffeth by; therefore if 
both places are fituated on the fame parallel 
of latitude, their bearing is either eaft or 
weft from each other; if they are upon the 
fame meridian, they bear north and fouth 
from one another; if they lie upon a tomb~ 
line, their bearing is the fame with it; if — 
they do not, obferve to which romb-line the 

two . 
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two places ‘are neareft parallel, and that will 
fhew the bearing fought. 

| Thus the bearing. of the Lizard Point 
from the land ‘of Bermudas is ‘nearly 
“ENE; and that of Bermudas from the 
Lizard is WS W, both nearly upon the fame 
romb, but’in contrary direCtions. 


A parallel fphere | 


213. Is that pofition of the globe, in which 
the poles are in the zenith and nadir, its axis 
at-right angles to the equator and horizon, 
which coincide; and confequently thofe 
circles which are parallel to the equator, are 
alfo parallel to the horizon. 

The inhabitants of this {phere, if any | 
there be, muft live upon the two terreftrial 
poles, and will have but one day and one 
night throughout the year; and the moon, 
during half her. monthly courfe, will never 
rife, and during the other half will never. _ 
fet: all the fixed ftars, vifible to thofe peo- | 
ple, will defcribe circles every day pagaltet : 
to their horizon. 


A right 
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_ 214. Is that in which the inhabitants fee 

both poles in their horizon, the equator 
pafling through their, zenith and nadir, and 
all the circles parallel to the equinoétial Ss 
pendicular to their horizon, 

Thefe people live upon. the terreftrial 
equator, confequently all the heavenly bo- 
dies will always rife and fet perpendicularly — 
to them; and their days and nights will 
be of an equal length throughout the year. 


An. obligue {phere 


215. Hath one of the poles of the globe 
above, the other under the horizon; the 
equator in all the cafes of this {phere is half 
above, and half below the horizon, and all 
its parallel circles cut the horizon obliquely. 

- That arch of any parallel of declination 
in the celeftial, or of latitude in the ter- 
reftrial {phere that is above the horizon, is 
called the diurnal arch. And ! 

The remaining part of it, which is below 

the horizon, is called the nocturnal arch. 


Thefe 


Celotial and Terrefirial Globes. “126 


Thefe arches, with refpet to the’fun’s 
apparent motion, | determine the ° different - 
length’ of days and nights. . 

_ The inhabitants of ‘this {phere are 7 thot 
who. live on all parts of the earth, except 
thofe at the: pats: and upon the equator, 


“OF the twilight. 


That + ight which we have’ from the fun 
before it rifes, and after it ets, is called the 
twilight. 

216. The morning-twilight, or day iene 
begins when the fun becomes within 18 de- 
grees of the horizon, and continues till fun- 
rifing. 

The evening twilight begins at the time 

of the fun-fetting, and continues till it is 18 
degrees below the horizon. 
_ For this purpofe on our new globes, .a 
wire circle is fixed eighteen degrees below 
the furface of the ihe pPARe? circle ; fo 
that 

All thofe places which are above. the Wire 
circle will have the twilight, but it will be 
dark to all places below it. 

At the time of winter folftice, when ‘oa 
whole {pace within the northern polar circle 

is 
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is out of the fun’s-light, the greater part of 
it enjoys the benefit of twilight; there be= 
ing only about 54 degrees yung the. pole 
that will be totally dark. . 

We have here only confidered tie twi- 
light reflected to us frorn the earth’s' atmo- 
fphere by the fun himfelf; befides which | 
the body of the fun is always encompafled 
with a fphere of light, which being of a 
larger circumference than the fun, »muft 
rife before him, and fet after him; which 
confequently lengthens the twilight by illu- 
minating our air, when the fun is deprefied 
too low to reach it with his own light : ; 
this feems to be thé caufe, why the fun ‘is 
: preceded by a luminous fegment of a circle 
in the eaft before his rifing, different from 
that light reflected by the atmofphere from 
the body of the fun ; the like to which may 
be obferved in the weft after fun-fet.: 


To reprefent the earth’s ae 
difc by the terreftrial globe. 


217. We have already shetgnl cst tis 
earth’s diurnal motion is reprefented by the 
motion of the terreftrial globe about its axis: 

from 
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from weft to eaft; and that the horary 
index will point upon the equator’ the 24 
hours of one diurnal rotation, or any part 
of that time. 

» The broad paper circle, under this con- 
fideration, will be now employed to repre- 
fent a plane fuppofed to pafs through the 
center of the earth, perpendicular to a cen- 
tral folar ray: or in other words, perpen- 
dicular to a line fuppofed to be drawn from 
the center of the fun to that of the earth 
at all times of the year. | 

In which cafe, the broad paper circle 
divides that half of the earth’s furface, which 
is illuminated by the fun’s rays, from the 
other hemifphere which is not enlightened. 

218. That the globe may appear to be 
fo enlightened, conceive a fun painted on the 
ceiling of the room in which you are, 
directly over the terreftrial globe, and of the 
fame diameter; from whence imagine an 
infinite number of parallel rays falling per- 
pendicularly downwards upon the upper 
furface of the globe, which here reprefents 
_ the illuminated hemifphere of the earth's 
enlightened difc. 


W hence 
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Whence it is plain, that the central folar 
ray is the only one which paffes through 
the centers of the fun and earth, as well 
as the only ray that can poffibly be perpen» 
dicular to the earth’s furface; all other 
folar parallel rays will fall more and more 
oblique, as they are farther from the cen- 
tral ray, till their arrival at the edge of the 
enlightened difc, here reprefented by the 
inner edge of the broad paper circle, where 
they will become parallel to the horizons - 
of all places then under the faid — of 
the difc. | 

In one diurnal redolifiiols of sh caret 
the central folar ray defcribes the parallel 
of the fun’s declination; or rather that pa 
rallel, to the inhabitants of which the fun 


that day will pafs. direétly vertical, or ovef 
their heads. 


From this application of die: terreftrial 
globe, we fee the natural caufe of the diffe- 
rent altitudes of the fun at different times - 
of the day, and at different feafons of the 
year; which arife from the earth’s daily 
rotative and progrefiive motion, &c. 

When we view the globe in this pofition, 
we at once fee the fituation of all places in 

) the 
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the illuminated chemifphere,. whofe | inhabis 
tants enjoy the light of the days: while: at 
the. fame.time all thofe places: below. the 
broad. paper. circle, are deprived:of the fan’s 
light, and have only. twilight fo faras 'the 
wire circle, and, all below that}; have ‘tétal_ 
‘darkness, when the, moon dogs not Sythe on 
them... _-; 

ordnch by. sBfetying’ hi icin fits by 
the meridians, drawn’ on the globe, cutting 
any parallel of, latitude at the edge’ of the 
broad paper ‘circle;'; with the flrong brafs 
meridian, we fee the femi-diurnal : arches 
continually decreafe from the elevated pole, 
till they come tothe oppofite 1 of ees | 
coe enlightened. dife: ot; ai) bas 


| PROBLEM XVII. 
To rectify. the terreftrial globe, that 
the enlightened half of the earth’s 
- furface may be all above the 
‘broad j ‘paper. circle for any time 
_ of the year; the fun being per 
pofed in: the zenith, 


» 2f9, On the backfide of the ftrong brafé 
pees and oneach fide of the north pole, 
-K are 
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afé graduated; in two concentric ec oe 
months and days of the year:? © 

Bring the day of the month to coincide 


with the broad paper circle, and in rerret= 
trial globe is rectified. \ 


When the globe is ‘ghd reified, that — 


degree and minute upon “the graduated: fide 
of the brafs meridian, which is then cut 
by the plane of the bsroiid “paper circle, is 
the diftance of the fhade of* extuberancy 
upon the earth’s difc, teckoned from the 


7 
: 


4 
| 
i 
4 
: 


: 


pole, and-is equal to the fun’s' declination — 


for that day; and'is therefore’ alfo equal té 


the latitude, counted from the equator, of alk — 
thofe places to which the fin is vertical: — 
and this point on the brafs meridian repre= — 


fents the central. folar ray defcribing the 
parallel of the day. 

If now the ‘globe be ‘gained \ from Wert 
to eaft, all thofe places.which ‘arrive at 
the weftern edge of the broad paper emcle, 


are pafling out of the twilight into the fun’s — 


| light ; and the fun then appears rifing to 
all the inhabitants, 


At the fame time, if you look upon the — 
eaftern edge of the broad paper circle, it 
will cut all. thofe places which are then — 


-paffing 
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| paffing: ‘from the” fur’s Tight into ‘the twi- 
light; whofe" inhabitants ‘will fee? tHe faa 
fetting, and enjoy the twilight, yntil they 
arrive at the’ wire “circle, ‘which is placed 
18 degrees. below the illuminated: difc, at 
‘which time they enter into total darknefs. 

- |The graduated fide of the ftrong brafs_ 
meridian fhews, at the fame time, all thofe 
ne which have mid-day or noon: 

Ifthe horary index be {et to°XTI, when 
asiy ‘particular. place is' brought under ‘the 
fttong brafs meridian, it will fhew,'as you 
turn! the globe from weit to eaft, the pre- 
cife' time: a fan-rifing, fetting; &e. at that 
| Plaeew « : 

The: ideo index’ will alfo thew how 
tilieba place is moving from the wéft: to 
the éaft fide of the illuminated difc, “here 
_réeprefented’ by the broad paper circlé, and 
_ thence the length of the day and night; it 
will alfo-point out the‘length of the twilicht, 
by: thewing: the time in which the place is 
pafling from the twilight circle to the ‘edge 
of:the difc on the weftern fide, or fromthe 
edge of the difc to that«circle onthe eaftern 
fide ; tand thereby cine the “oe of 
its whole artificial day,: 

pve K 2 We 
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We. fhall proceed to exemplify thefe par~ 
ticulars at the times of Sanne and, folftices 


"eh : i idadJ 


‘PROBLEM Xvi,” ‘oi 
phe time. of equinox, © ase : 


220. The fun his! no Acetclctinea at’ “the 
times of equinox, confequently there. ee 
be no elevation of the poles... (0.01) > 
.. Bring the day of the month on thas ber 
fide of the {trong brafs circle, in, which the 
fun. enters the firft point of Aries.or Libra, 
into the plane of the-broad paper cirele; 
_and then the two poles of the globe, will-be 
in that plane alfo; and all thofe circles which 
are parallel to the equator will cut the plane 
of that broad circle at right angles, and. ae 7 
globe will then reprefent.a right! {phere, 2.) 
Af you. now turn the globe from: elite 
eaft,, it. will plainly. appear, that all places 
upon its furface are, twelve: hours above the 
broad ‘paper circle; and.as) many. below it ; 
which-fhews, that the nights are: equal to the 
days to.all the inhabitants of the earth ; that 
is, they -are illuminated: by the fun’s rays’ 
twelve hours: whence thefe are called’ the: 
equinoctial feafons, two of which occur? in. 

every 
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every’ year 5 the fitft is the autumnal, the 
fecond: ‘the vernal, “equinox. ‘a 

“At thef times the fun appears: to ‘rife and 


fet at the fame inftant — to ) all places 1 in: the 
fame meridian. “si gua We eis 


But their twilight i is senatp as their fitua- 
tion is nearer to either pole; in. fo much 
that within 18 degrees of the poles, their 
twilight is 12 hours, confequently there is 
no dark night in hoi places at the times 
of equinox: whentat the: fame time thofe 
places under the equator have only one hour 
and ‘r2-minutes twilight ; fo that: their arti- 
ficial day is about 14‘hv ‘24 min. vat hele two 
aba fis: Brae yam) AON o 

“Thus, if London ‘and Musaford on oun 
Gold Coaft, be brought to thé! ftrong brats 
meridian, the graduated fide of which is in 
this cafe the horary’ index ; “(tho” in’ other 
cafes the hour index is to be fet to that XII 
Which is moft elevated ;)” if then they be 
brought to. the weft fide ofthe broad paper 
circle, the index will point to VI o'clock 
for - fun-tifing, and to VI for fun- fetting, 
when ' thefe places - are brought to the 
eaftérn’ a 


Keg ues Alfa, 
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Alfo, if London be. turned from the,wef 
towards the eaft, and the hour. index;be. fet 
to XI as before, if you. turn it till the ifland 
of Jamaica comes ,to the meridian, it. will 
fhew, on the: equator, the hour after noon 


at London, when it is noon at Jamaica ; 5 or 


that London paffes under the meridian about 
sh. 4. min. before Jamaica arrives at ite 


_PROBLEM® am 
The: fammer folftice.: 


2216 siReaiFs tlio saliva to the baler 
of the. divifions for.the month. of June, or 
_ to 234 degrees north declination; then that 
part of the earth’s furface, which i is, within 
the northern, polar .circle, ; will be all. illu. 
minated by: the fan,.. and, the, inhabitants 
thereof will have. continual day. 


es oidy 


But .all that {pace which, is contained 


within the fouthern polar. circle, will be: vat 


* the fame time;in the thade, and have, con : 


tinual night. oy 
222. ih this Ae at the clea we fee 
how the diurnal arches, of the parallels of 
latitude decreafe, as they are more and more 
diftant from the elevated pole. 
' 223. 1G 


: 
— ee eee ae ———— 
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223. If any’place be Ibrought under the 
fuoba: brafs' meridian,:‘and the horary ¥ ‘index 
be fet to'that XH which is’ moft elevated, 
and if that place be brqught'to the 'weftern 
fide of the’ broad: paper circles the hour in- 
dex/will thew the ‘time of fua-rifing; and 
when moved to the eaftern edge, ‘the index 
points to the time of fun-fetting ; the length 
of the day is obtained by the time:thewn by 
the horary index; while the*globe-is turned 
from the weft to the eaft ye oF the illu- 
minated dif. 

Thus it will be :found that at London the 
fun rifes about 15 minutes before IV in the | 
morning, and fets ; about |1 5)minutes after 
Vill at night. ” 

At the. following. BES it will Be SNeENg 

the, times. exprefled. .. | 


ve gth ik 


EN 
lof Day. pete 


| Riting Setting. 
fhe my he 


| 35 
7 9} 43 
Rio de Janario in Brazil, 
~“near the tropic of Ca. 6 42 23 
pricorn 4 
The ifland of St. Thomas 6 
‘at the equator pe ht z0 


moft point of Cali- 
“fornia, at the tropic 
of. Cancty 


12f 


‘Cape Lucas, the ee 
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_ We valfo fee, that-at the time when the 
fun rifes. at- London, it, rifes sat the*ifland: of 


Sicily,.in the Viceitca aries and at. ‘the 


ifland of .Madagafcar. eagle 


And,that atthe time eae Hse) fun bats 


at London, it is fetting at the ifland of. ‘Ma- 
deira,, and at Cape Horn. 


And. when. it is faid teeing at link nce 


of Borneo. in the Eaft Indies, the fun is 
- tifing at Florida in Americas’ > 198 © 


PROBLEM XX. 
| Winter folftice, 


224. Lo Reaify the globe to the etiethiey 
Cf the divifions for the month of December, 
or to 237 degrees fouth declination. 

At. this feafon it will’ be apparent, that 
the whole fpace within the fouthern polar 
circle is in the fun’s light, and enjoys con- 
tinual day ; whilft that of the northern. po- 
lar circle is in the fhade, ‘and has continual 
night. 

Then if the globe’ bf turned as “wueay, 
the horary index will fhew, that ‘at the 
feveral: places before mentioned, their days 
will be refpectively isa to what their 

nights 
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nights were’ at the ‘timeof the fummer 
folftice. 

CTeewill: appear to be fan-Rtting: at the 
time it was.then-fun-rifing; and on the con- 


trary, fun-rifin g at i time it t then haa ed 
to. 1S + eae 


The terreftrial horizon, . 


225. As has been defcribed: art. 117. is 
a {mall brafs circle with one diameter that 
pafles through its center ; its ‘circumference 
is divided into eight parts, which are marked 
with the initial letters of the marinet’s com- 

-pafs, the four cardinal points of the horizon 
_ being diftinguifhed from the reft ; ‘this may 
be flipped fal pole to pole on tHe move- 
able meridian, and by this means be ir to 
any place upon the globe. 

When the center’ of it is fet to any par- 
ticular place, the fituation of any other places 
is {een with refpect to that place ; that i is, 
- whether they be eaft, weft, north, or fouth; 
thus it reprefents the fenfible horizon. 
~ It will alfo thew, why the fun appears at 
different altitudes and azimuths, although 
he is fuppofed to sige always in ‘the’ fame 
place. es 


PROBLEM 
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PROBLEM XXI. 


The-fun’s,altitude; as obferved with 


a terreftrial oF vifible horizon. « zi 


bent T he ataiade of the fun is greater 


“or lef, according as.one of the parallel right 
lines or Tays, coming from the fun to us, is 
farther. from, or nearer to, our horizon. : 
Apply the térreftrial. horizon to London; 
the {un being fuppofed in the zenith, of on 
the ceiling directly over the globe. i ei 
. If then -from London. a line pafs , verti- 
cally upwards, the fun ,will be {een from 
London, in that line, 
Pits {un-rifing, when Tia iS bronghe 
to the weft. sila of the broad, paper circle, 


the fuppofed line will be parallel to the ter~ 


reftrial horizon, and from London will be 
then feen. in ‘the horizon. by 

As the globe is gradually turned iors 
the weft towards the eaft, the horizon will 
recede from. the line which pafies perpen- 
dicularly upwards ; for the, line in which 
the fun was then fcen, | feems to. glide far 
ther and farther from the terreftrial horizons 
that is, the fun’s altitude increafes as.,gra- 
' dually 
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dually..as, that, line declings fiom the *ter- 
reftasial horizon. 71). | 
>. When the horizon, pielce sa stn which 
ol from London. ‘vertically, upwards, are 
_ arrived at the ftrong, brafs meridian, the fun 
is then at his greateft or meridian altitude 
for that day; then the line and horizon are 
at;the largeft: angle they can make that day 
with each other. . », 

_ After, which, ,the motion iy the globe 
being continued, this angle between the ter- 
teftrial horizon; and the line, which, goes 
from London vertically upwards, continu- 
ally. decreafes,. until -London arrives at the 
eaftern edge ‘of | the broad paper circle ; its 
horizon then becomes vertical’ again, and 
parallel to the line which goes vertically up- 
wards, and will then appear in the horizon, 
and be feen to. fet. } 


PROBLEM XXII. 


The {fun’s meridian alticuce at three 
different feafons. 


207, Rettify the globe to the time of 
winter folftice, art. 224. and place the center 


of the vifible horizon on London, 
SARA ate When 
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“When London‘is “at the’ dtéltudted! edge 

: of the {trong brafs meridian,: ‘the line which 

"gees vertically’ upwards, makes°an angle of 

_ about 15 degrees; this'is the'fun’s meridian 

altitude at that feafon to the earipilign ie 
London. | ; 

228. If the globe be: rectified to chee time 

of equinox, art: 220. the ‘horizon will be 

farther feparated from the Hine which goes 

vertically upwards, and makes a greater angle 


~~) therewith; it being about 385 ‘degrees;. this 


4s the fun's meridian’ altitude at the t time’ ath! 
equinox at London. . 

elas Again rectify. the’ globe to the fum- 
mer folftice, art. 221. and you will find the 
| vifible horizon recede. farther ‘from the line 
which goes from London vertically upwards ; ; 
and the angle it then makes with the hori- 
zon, is about 62 degrees, which fhews the 
fun’s meridian altitude -at;the time of thé 
| fummer folftice. iatiy, 
~ Hence flows the following arithmetical 


PROBLEM > 
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To And the. fun’s: meridian altitude 
ey ie univerfally., 


sage. Add the: fal’ declinabiin’ to iti 
elevation of the equator, if the latitude of - 
the place and declination of the fun are both 
on the fame fide. 

If on contrary fides, fabtrad the de- 
clination from the elevation of the equa~ 
tor, and you obtain the fun’s meridian al 
titude. 

f 


Thus, the-elevation of the ahs lat fe 
| 28 
“London 


Sun’s dechination sare 20th 


‘Their fagn, is ies fa) 5 MT ale g | 6 
tude for that day at London one K 


‘Again, to the elevation of the equator? 9 Be 
at London, _ 

Add the -fun’s ereateft declination ‘at 
_the time of the fummer sac Hae 379 FO og 

Their fin 35 the Gury S omeatelt meri-2 ¢ 
dian altitude at London lala : 


Whence alfo flows another method, 
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(To find the fun’s- ‘greateft and leaft 
altitude: vuniwerfally. site 


231. Add the rah decliqatinen to; and- 
fubtract it from the elevation of the-equa- 
tor, their) fum and difference will be the 
fun’s meridian altitudes, when he- halle slic 
fame declination either north or fouth. : 


Thus, to and from oie elevation. rs ie * 
the equator, 3 a 
Add and fubftraG the fun’s bop 


20 mr. 
nation. 3 8 


Their fum-is the ee meridian ee 
8 de 
tude in seca: 


Their diffetence his mccain SRE gag g 


20, 
in winter; 1G. 


having the fame aeoihatioh one ae the 
other fouth. ; 


PROBLEM. .XLIV. 


The fun’s azimuth compared with 
the vifible horizon. bust &. 


232. ERE the fun, as we have.done 
before, to be painted on the ceiling diredtly 
over 
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over the globe, art. 218. ‘and al line going 
vertically upwards ‘towards the fin’ from any 
place on the furface of the globe : 

“Tf to that place you apply the vifible hori- 
zon, that point of it which a vertical line i is 
neareft to at any time, fhews the fun’s azi- 
muth? at that time: and we muft alfo ob- 
fétve, “that that point’ of ‘the terrefttial dr 
vifible horizon, to “which a vertiéal line is 
neareft, is always the moft elevated point. 
2233. Redtify the globe to the’ pofition of 
a tight fphere, art.214. and apply the’ vifis 
ble horizon to London. When London is 
at the weftern edge of the broad: paper cir- 
cle, which fituation: reprefents the time 
when the fun appears to rife, the eaftern 
point of the vifible horizon being then moft 
_ elevated, fhews that the fun at oy ae is 
due eatt. | 

Turn the globe till London’ Ghee B thé 
eaftern fide of the’paper circle, then the 
weftern point of the vifible horizon will be 
moft elevated, and ad that the fun fets 
due weft. | 

If the globe be reétified into the aittick 
of an oblique fphere, art. 215. and London 


_ be brought to the eaftern or weftern fide of 
the 
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the iad paper circle, the vertical line will 
depart more or lefs from. the eaft and weit 
points: in which cafes ‘the fun is faid. to 
have more or lefs amplitude either north 
of fouth, as this departure tends to either of 
thofe two cardinal points. 


- 


As the globe is turned | to any parila 
time of the day, we fhall have the fun’s 
azimuth upon that point of the vifible hori- 
zon which is moft elevated; and this will 
be the point wherein a line going towards the 
fan is neareft to a vertical line; thus, if a 
line going towards the fun, be neareft the 
fouth-eaft point, the fun is then faid to have 


As degrees azimuth eaftward, | that point. 


being 4.5 degrees from the meridian. we 
234. In all pofitions of the globe in north 
latitude, when London is brought to the 
ftrong brafs meridian, the: moft elevated 
point of the vifible horizon will always’ ‘be 
the fouth point. of ity which thews that the 
fun, at all feafons of the year, will appear 
to the fouth of the terreftrial horizon in all 
places included in the northern temperate 
zone; but to the north of it at thofe.places 
within the fouthern temperate zone. .. 


235. Lhe 
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v gail ‘The dicichitt diftinion or the 
» different places on the earth, ac- 
_ cording to. the: diverfity. of the fha- 


— dows oF upright bodies at noon. | 
1a PROBLEM bedi ve. 


| The fei or ‘thofe whi on a certain 
ee prea no fhade at noon. 


236. “"Redify the globe by problem xix. 

art. 221. to the time of the fummer, fol- 
ftice, and apply the,.terreftrial. horizon. to 
any place fituated on the tropic of Cancer, 
as Canton in China, and. obferve the.fun’s 
meridian altitude with it, by bringing. its 
center under the ftrong braf$ meridian, art. 
226. it will then appear, that a line going 
_ vertically upwards, will be perpendicular to 
it, confequently the fun will be at that 
time directly over the heads of the inha- 
bitants of Canton, and project no fhadow; 
therefore they are afcii, their noon-fhadow 
being dire@tly under them. 


L At 
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At all other times of the day, their fha- — 
dow “is projected, ‘inc the morning direCtly 
weftward, and in the evening. directly « catt- 
ward: 

~The fame thing will happen to- call the” 
Siishaswinies who live between the. tropic 
of Cancer and that of Capricorn, if the ter- 
reftrial horizon be gradually removed from — 
parallel to parallel within thefe limits, and 
the globe rectified according tothe day of © 
the month as before direéted ; ‘by bringing 
the fenfible horizon to the ftrong- brafs me- 
ridian, to obferve the fun’s meridian alti- 
-tade; we fhall find ‘him appear to be go- 
degrees high, or vertical, at noon, to every 
place between the tropics; all the inha-— 
bitants being afeii twice a year, except thofe 
on the tropics ara who | are afcti 
only once a eas se 


jij sttbiel 


PROBLEM 


Célepial and Ferreftrial Globes. 47 
PROBLEM XXVIL 
The inhabitants of all places be~ 


tween the tropics of Cancer and 
Capricorn, are not only afcii, but 
amphifecii, whofe noon-fhadows 
are projected fometimes towards 
the north, at other times towards 


the fouth. 


237. Place, the fenfible horizon on the 
equator, and rectify the globe to the time 
of the equinox, art. 220. at which time the | 
equatorial inhabitants are afcii at noon, 
having the fun full eaft of them all the 
morning, and full weft all the afternoon. . 

The eaftern point of the fenfible horizon 
will be always uppermoft, or moft elevated, © 
as the globe is moved from weft to eat, 
till it comes-to the ftrong brafs meridian ; 
and after it has paffled this, the weftern 
point will be moft elevated. : 

The fenfible horizon remaining on the 
equator, rectify the globe to the time of the 
fammer folftice, art. 221. and you will 

3 Lae find 
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find the north point at noon will be moft 
elevated; which plainly fhews, that the — 
inhabitants of, the equator will fee. the fun 

full. north at that {eafon, and that their 
ifhade will be projected fouthwards.. | 
+1238. If the globe be rectified to the Win- _ 
ter folitice, art. 224. the fouth point. will 
be moft elevated, and the inhabitants will 
fee the fun on their fouth fide, which will 2 
project their fhadows northwards, ~~ 

239. Heterofcii are thofe who Hive be- — 
tween the tropics and polar circles, whofe 
noon-fhadows are projected one way only. 

Thofe in north Jatitude have their noon- 
fhadows projected northwards; the fun at 
that time being always in the fouth. 

And thofe in fouth latitude have their 
noon-tide fhadows projected fouthwards; 

the meridian fun always appearing to ie i 
in the north. 

240. Perifeii are thofe who live within 
the polar circles, the fun going continually — 
round them, their fhadow muft neceflarily 
go round them alfo, 

If the fenfible or terreftrial horizon be 
applied to any of thefe places, and the globe 
‘rectified according to the preceding direc- 

tions, 
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tions, it will thew, that the fun appears to” 
be more elevated at one time of the day 
than at another; and alfo, which way -at 
all times the noon ‘and other fhadows aré 
caft. | Agri 
241,-Antcéci are two. oppofite. nations, 
lying in or near the fame meridian, one of 
them in north, the other in fouth latitudes 
they have both the fame, longitude,: and 
equal latitude, but on oppofite fides of «the! 
equator: they have oppofite, feafons' of the 
year, but the fame hours of the day. 

242. Periceci are two nations fituated-otr 
oppofite fides of the globe, in the fame pa- | 
rallel of latitude, having the fame feafons of 
the year, and oppofite hours of the day. : 

Therefore. their pees muft > differ 
180 degrees. 

243. Antipodes are two ‘nations diamne- 

trically oppofite, which have oppofite fealens 
as well as oppofite hours. 
_ A ftraight line paffing from one to the: 
ather muft confequently pafs through ‘the: 
center, and therefore become a diameter! 
of the globe. 

Their longitude and pee are begh 
oppofite. 

Gee Thefe 


L50 Defeription and Ufe of the 


'Thefe are exemplified by reGifying the 
globe into the pofition of a right {phere, 
art. 220. and bringing the nations under 
confideration to the edge of the broad aie 
circle. ‘Thus, 

The inhabitants of the eaftern parts of — 
Chili are Antceci to thofe of New England 5 
- whofe Periceci live in the northern parts of 
China, who are alfo seat to the inha- 
_ bitants of Chili. 

We {hall now proceed to exemnplify the 
former ‘precepts in a few bbl pear 
blems. 


“PROBLEM XxviL 
To find all éhete places onithe globe, | 


over whofe: zenith the fun will 


pals on any given day. 


244. Redtify the’ terreftrial globe, art. 
219. by bringing the given day of the 
month, on the back fide of the ftrong brafs 
meridian, to coincide with the plane of the 
broad paper circle, and obferve'the eleva- 
_ tion of the pole on the other fide; and that 
degree, counted from the equator on the 
ftrong brafs meridian towards the elevated 

pole, 
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pole, is the point over which the fun is 
vertical. Now turning the globe, all thofe 
places which pafs Gea this point, have the 
fun directly vertical on the given day. 
Thus bring the r1th day of May, into the 
plane of ‘the broad paper circle, and the faid 
plane will cut 1 8 degrees for the elevation. of 
the pole, which is equal to. the fun’s decli-. 
nation for that day; which, counted on the 
ftrong brafs. meridian towards the elevated 
pole, is the. point over which the fun will be, 
vertical. Now turning the globe round, we, 
fhall find that Amalagan, one of the Ladrone 
iflands, the northern part. of . Manilla;, the 
middle of Siam, a preat part of Africa, and. 
St. Anthony one of the Cape Verd Ifles, the 
fouthern fide of the iflands Porto-Rico and 
Domingo, ’and the northern. part of the 
ifland of Jamaica, ‘&e. have all of them the 
fun i in their zenith on the 11th of May. 
Hence. when the fun’s ‘declination is’ 
equal _ to the latitude of any place in the 
torrid zone, the fun will be vertical to thole | 
inhabitants that day. 


Hence alfo we derive the following 


bg, RRO PRO 
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“PROBLEM XXVIII.» 
To Ghd the fun’s declination, and 
thence the parallel of latitude cor- 


refponding therewith, upon the . 
terreftrial globe. a 


2ac. Find the fun’s place upon the broad) 
paper circle for any given day, art.98. and 
feek that place’ in the ecliptic line upon the 
globe; this will fhew the parallel of the fun’s 
declination among the dotted lines, which is 
alfo the correfponding parallel “of latitude ; 
therefore all thofe places through which this 
parallel pafles, have the fun i in their zenith 
at noon on the given day. wae 


~ Thus for the 27th of July the is S hie 3 
is & 4° so’, find this on the ‘ecliptic line 
upon the globe, where it will cut the 19th 
parallel from the equator. 


PROB L EM XXIX. ? 
To find thofe two days on “which 
~~ the fun will be vertical. to, any 
place between the tropics. 


246, That parallel of declination which. 
yt through the given place, will cut the 
. ecliptic 
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ecliptic line upon the globe in two points, 
which denote the fun’s place, againft which, 
on the broad paper circle, are the days and" 
months required. ) 


PROBLEM XXX. 
The day and hour at any place 


being given, to find where the 

fun is ae esi at that time. 

247. Let the given place be London, and 
time the 11th day of May at 4 minutes 
pat V in the afternoon. : 

‘Redtify the. globe to the day of the 
month, art.219. and you have the fun’s 
declination 18 degrees north ; bring London 
to the meridian, dna fet the horary index to 
XII, turn the globe till the index points to 
the given hour on the equator, 4 minutes 
paft V, then Port-Royal in Jamaica will be 
under the 18th degree of the ftrong brafs 
meridian, which is the place where the fun 
“is vertical at that inftant.. * ae 


PROBLEM 
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The time of the day at any one’ 
place being given, to find all 
thofe places in which the fun is 
then rifing, letting, on the me-, 
ridian, and where he is vertical ; 
likewife thofe places, in which it 
is midnight, twilight, and dark- 
night, at the fame inftant; as 
well in thofe places ‘in which the’ . 
twilight is beginning and ending ; 


_ a TT eee ee a ~ 


and alfo to find the fun’s altitude q 


at any hour in. the illuminated, 
and his depreflion in the sees 
hemifphere. 


248. Rectify the globe to the day of the 
bis art.219. on the back fide of the’ 
{trong brafs meridian, and the fun’s decli- 
nation for that day, which is equal to the 
elevation of the pole, is given upon the gra- 
duated fide of the brafs meridian, by its co- 


incidence with the plane of the broad paper 


circle 5 
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circle; bring the given place to the ftrong 
brafs meridian, and fet the horary index to 
XII, upon the equator, turn the globe from 
weit to eaft, until the horary index points 
to the given. time. Then 


All thofe planets, which lie in the plane of 
the weftern fide of the broad paper circle, fee 
the fun fifing, and at the fame time thofe on 
the eaftern fide of it fee him fetting. | 

It is then noon to all the inhabitants of 
thofe places under the upper half of the gra- 
duated fide of the ftrong brafs meridian, 
whilft at the fame time thofe under the wes 
half have midnight. 

All thofe places, which are then between 
the upper furface of the broad paper circle, 
and the wire circle under it, are in the 
twilight ; which begins to all thofe places on © 
the weftern fide that are immediately under 
the wire circle, to which it is the dawning 
of the day; its end is at all thofe places in 
the plane of the paper circle, on which the 

fun has jutt begun to rife. 

Loy he contrary happens on the eaftern fide ; 
the twilight is juft beginning to thofe places 
in which the fun is fetting, ee its end is at 


the place jut under the wire circle. 
And 
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. And all thofe places which are under the 
twilight wire circle have dark night, unlefs 
the moon is favourable to them. | 

- All places in the illuminated hemifphere — 
have the fun’s altitude equal to their diftance 
from the edge of the enlightened difc, which 
is known by fixing the quadrant of altitude 
to the zenith, and laying its graduated edge. 
over any particular place. 

_. The fun’s depreffion is obtained inthe fame 
manner by fixing the center of the quadrant _ 
at the nadir, or that point which is directly 

under the obferver’s feet. 


PROBLEM XXXII. 


To find the time of the fun’s rifing 
and {fetting, the length of day and 
night, on any day in the year, in 
any place, whofe latitude lies 
between the polar circles, and alfo 
the length of the fhorteft day and 
night in any of thofe latitudes, and 
in what climate they are. 
249. Redtify the celeftial globe to. the © 


latitude of the given place, art, 189. bring 
| the 
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the artificial fun to his place in the ecliptic 
for the given day of the month; and then 
bring its center under the {trong brafs me- 
ridian, and fet the horary index to that XI 
which is moft elevated. 


Then bring the center of the artificial fun 
to the eaftern part of the broad paper circle, — 
which in this cafe reprefents the horizon, 
and the horary index fhews the time of 
the fun-rifing ; turn the artificial fun to the 
weftern fide, and the horary index will thew 
the time of {un-fetting. | 


~ Double the time of fun-rifing is the length ' 
of the night, and the double of that of fun-_ 
fetting is the length of the day. md 


Thus on the 5th day of June, the fan 
rifes at 2h. 40 min. and {ets at 8h, 20 min, 
by doubling each number it will appear, 
that the length of this day is 16h. gom. 
and that of the night 7h. 20m. 

The longeft day at ‘all places in north 
latitude, is ie the fun is in the firtt point 
‘of Cancer ; and 

The Jongeft day to thofe in fouth lati 
tude, is att the fun is in the firft point. of 
Capricom. 


Wherefore 
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Wherefore the globe being reGtified as 
above, and the artificial fan placed to the 
Art point of Cancer, and brought to the 
eaftern edge of the broad ‘paper siecle and 
the horary index being fet to that XII which 
is moft elevated, on turning the globe from 
eaft to weft, until the artificial fun coincides 
with the weftern edge} the number of hours 
counted; whith are pafled over by the horary 
index, is the léngth of the longeft day 5 3 their 
complement to twenty-four hours gives the 
length of the fhorteft night. 


ago. If twelve hours be fabftracted from 
the length of the longeft day, and the re- . 
- maining hours doubled, you obtain the cli- 
mate mentioned by ancient hiftorians: and if 
you | take half the climate; and add thereto 
twelve hours, you obtain the length of thé: 
longeft day in that climate ; this holds good 
for every Climate between the polar circles. 


A climate is a {pace tpon the furface of 
thé earth, contained between two parallels 
of latitude; fo far diftant from each other, 
that the longeft day in one, differs half an 
hour from the longeft day in the other 
parallel. 


The 
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‘The climates are reckoned from the equa- | 
tor to the polar circle, where the longeft day | 
‘is twenty-four hours; from the polar circle © 
‘towards the pole the climates are faid to 
encreafe by. a whole natural day, till they 
came to a parallel under which the longeft 
day is fifteen natural days, or half a month, 
from this the climates-are reckoned by half 
months, or whole months, in the length of 
the artificial day, till they come to the pole 
itfelf, ander which the day is fix months 
long. 


PROBLEM XXXII. 

To find all thofe places within the 
polar circles, on which the fun 
begins to fhine, the time he fhines 
conftantly, when he begins to dif 
appear, the length of his abfence; 
as well as the firft and laft day of 
his appearance to thofe inhabi- 
tants; the day of the month; or 
latitude of the place, being given. 
25t: Bring the siven day of the month 

on the back fide of the frong brafs meridian, 

| | to 


| 
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to the plane of the broad paper circle, the fun 
is juft then beginning to fhine on_allthofe 
places which are in that parallel, juft touched 
by the edge of the broad paper circle; and 
will for feveral days feem to fkim all around, 
and but a little above the horizon, juft as 
it appears to us at its fetting; but with'this 
obfervable difference, that whereas our fet- 
ting {un appears in one part of the horizon 
only, by them it is feen in every part there- 
of ; from weft to fouth, thence eaft to north, 
-and fo to the weft again. 


Or if the latitude was given, elevate the 
globe to that latitude, and on the back fide 
of the ftrong brafs meridian you obtain the 
day of the month, then all the other requi- 
fites are anfwered ‘as above. . 

As the two concentric {paces, which con- 
tain the days of the month on the back fide 
of the {trong brafs. meridian, are graduated 
to fhew the oppofite days of the year, at 
-180 degrees diftance ; when the given day 
is brought to coincide with the broad paper 
circle, it fhews when the fun begins to fhine 
on that parallel, which is the fir day of its 
appearance above the horizon of that paral-_ 
lel; and the plave of the faid broad paper 

circle 
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tircle cuts the day of the month on the op- 
fite concentric {pace, when the fun begins 
to difappear to thofe inhabitants; thus thé 
length of the longeft day is Bbtained, by 
reckoning: the number of days between the 
two oppofite days found as above ; and their 
difference from 365 days gives the bose of 
their longeft night. 


PROBLEM XXXIV. 
To find the length of a any day in the 


year; in any latitude. 


2 52. Elevate the celeftial globé to the lati- 
tude, and fet the center of the artificial fun 
to his place upon the ecliptic line on the 
élobe for the given day, and bring Its center 
to the ftrong brafs meridian, placing the 
horary index to that XII which is moft ele- 
vated; then turn the globe till the artificial 
‘ffin cuts the eaftern edge of the horizon, 
and the horary index will thew the time of 
fun-rifing ; turn it to the weftern fide, and 
you obtain the hour of fun-fetting. 

The length of the day and night will be 
‘attained, by doubling the time of fun-rifing 
and fetting, as before. 

M —~ PROBLEM 
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PROBLEM XXXV. 


To find the length of longeft anil 
1. fhorteft days in any latitude. 


253. Elevate the globe according to the | 
latitude, art. 189. ase place the center of 
the artificial fun for the longeft day upon the 
firft point of Cancer, but for the fhorteft day _ 
on the firft point of Capricorn, then pro- 
ceed as in the laft problem. 

But if the place hath fouth latitude, the 
fun is in the firft point of Capricorn on their 
longeft day, and in the firft point of Cancer 
on their fhorteft day. 

Note, This problem is only to be ufed 
in fuch latitudes as lie between the northern 
and fouthern polar circles. 


PROBLEM XXXVI. 


To find the latitude of a place, in 
which its longeft day may be of * 
any given length between twelve 
and twenty- ae hours. | 
254. Set the artificial fun to the firft point 


of Cancer ; bring its center to the ftrong 
brafs 
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braf meridian, and fet the horary index to 
XII; turn the globe till it points to half the 
number of the given hours and minutes; then 
elevate or deprefs the pole, till the age 
fan coincides with the horizon, and that 
elevation of the pole is the latitude required. 


| PROBLEM RXYXVITS 
To find the diftance between any 
two places. 


ass. Lay the gradtiated edge of the qua- 
drant of altitude over both places, and the 
~ number of degrees between them is their dif 

tance; which is reduced to geographical miles 
_ by reckoning 60 to a degree, or to Englifh 
iniles by reckoning 69 4 to one degree. 

If both places lie under the fame meri- 
dian, their difference of TAUENCD is the dif 
tance required. | 

If they are in the fame parallel of latitude, 
their. difference of longitude is nearly the 
diftance fought, -“* provided the degrees of 
longitude be properly reduced to miles on 
the parallel on which they are meafured: ~ 
for a degree of longitude is not 691 Englifh 
miles any where but at the equator; from 
_which as the latitude decreafes towards either 
| WE oi 2 pole, 
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pole; it becomes lefs and lefs till it va— 
nifhes into hothihg at the poles themfelves, 
viz. in 90 Fe of north or fouth lati- 
tude — Wherefore the quadrant of altitude 
will be alfo ufed here, as this will thew 
the diftance in degrees of a great circle, of - 
_ which 69 miles and 4 may be reckoned to 
a degree : and this is indeed the only me- 
thod of obtaining the ¢rue diftance, which 
ought to be meafured on the arch of a 
_ great circle, and not on any parallel of Iati- 
tude, which mutt be a leffer circle,” - . 


PROBLEM. XXXVII. 
To find all ‘thofe places which are 
at the fame diftance ae a giver 
place. 


256, Rettify the globe by profilin XIf, 
art.18g. and bring the given place to the — 
{trong brafs meridians over which {crew the 
center upon which the quadrant of altitudé 
turns; now move the quadrant round, and — 
all thofe places, that are cut by any one 
point on the quadrant, are equally diftant 
from the given place. - 


PROBLEM 
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PROBLEM XXXIX. 


To fhew at one view upon the ter- 
reftrial globe for any given place, | 
the fun’s meridian altitude, his 
amplitude, or point of the com- 
pafs, on which he rifes and fets 
every day in the year. 


257: Rectify the globe to the latitude of 
the given place, art. 189. bring that place to 
the ftrong brafs. meridian, and fet the horary 
index to XII, {crew the quadrant of altitude 
to the zenith of the horizon, and bring it to 
the brafs meridian, you will then at one view 
fee the fun’s meridian altitude on every de- 
gree of the fun’s declination for the whole 
year, cut by the graduated edge of the qua- 
drant of altitude, on the dotted parallels ; 
thefe dotted parallels at the fame inftant alfo 
cut the edge of the broad paper circle now 
_ reprefenting the horizon, in the point of the 
compafs or amplitude, on which the fun is 
feen to rife on the eaft, or to fet on the weft | 
fide of thé horizon, for every degree of de-~ 
clination throughout the year. 


Se e 
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If you trace any of thofe parallels to the 
| ecliptic line, you have the fun’s place when 
he is upon. that declination, and thence the. 
day and month upon the horizon. | 

Alfo, the knowledge of the fun’s place, 
in the ecliptic line, fhews the fun’s decli- 
nation for that time amongtt the dotted 
parallels. 4 


PRO BLEM XL. 
To fhew at one view upon the 
terreftrial globe the length of 
the days and nights at any par- 


ticular place, for all times of the 
year. 


2 58 Rettify the globe to the latitude of: 
the place, art. 189. and the broad paper. 
circle will reprefent the horizon; and the 
upper part of the dotted parallels of declina- . 
tion, which are here alfo parallels of lathes 
will reprefent the diurnal arches. 

Whence we may obtain the number of 
hours each of them. contains, which is the | 
folution of the problem. To" illuftrate 
which, vi 
| Elevate 
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' Elevate the globe ‘to ‘thé pofition of a 
right fphere, art. 214. and -you will, with: 
one glance of the eye, fee that all the dotted 
parallels of declination, as well as the equa- 
tor itfelf, are cut by the voi. ovat into two 
so parts. | | 

’ Therefore the inhabitants on he equi- 


nodtial line have their days and nights twelve 
hours long; that is, the fun is never more 


, nor ever-Jefs than twelve hours, above their 


_ @ 


horizon, during his apparent paflage, from 
the tropic of Cancer to the tropic of 5 ate 
corn, and thence to Cancer dgain. 

All the fixed ftars have the fame appa- 
rent motion to the equatorial inhabitants ; 
that is, they rife and fet, continue above, 
and are deprefled below, the horizon of - 
any place upon the equator, exactly twelve 
hours. 

Raife the north pole of the globe a sii : 
degrees of latitude at a time, and you will | 
fee the diurnal arches will increafe in length, 
until the pole is elevated to. 664 degrees 
above the. horizon: then the. beralich of the. 
fun’s greateft declination will be as far from. 
the equator.-as the place itfelf is from the 
pole ; and; this parallelis the tropic of Can= | 

M 4, Cer, 
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cer, which will juft touch the horizon in 
the north point. - : 


And on the contrary we may obferve, | 


that the fouthern parallels of declination 


continually fhorten,- as the northern ones. 


dengthen, until they come to the nae of. 
-Capricorn. 


Rectify the globe to the tried of Lon- 
don 514 degrees north: when the fun is in 
the tropic of Cancer, the day is about 162. 
hours ; as he recedes from thence, the days 
fhorten, as the length of the diurnal arches 
of the parallels fhortens, until the fun comes 
to Capricorn, and then the days are at the 
fhorteft, being of the fame length with the 
nights, when the fun was in 1 Cancer, viz. 
about 74 hours. 


Rettify the globe to ai altitude of tis 
northern polar circle, and you will-find, 
when the fun is in Cancer, he touches the 
horizon’ on that day without. fetting, being 
completely twenty - four hours above thé 
horizon : ‘and when he is in Capricorn, he 
once appears in the horizon, but does not 
rife for the {pace of twenty-four hours ; 
when he is upon any other parallel of de-- 
clination, the Hg’ are tere or fhorter, as 

that 
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that parallel is hearer to, or fardher from, 
the equator. 


Elevate the globe. to. the intend of 80 
degrees north, at which. time let the fan's 
declination be 10 degrees north, he then 
apparently feems to turn round above the 
horizon without fetting, and never fets from 
this point to. Cancer, until in his return, 
after he has again nie this. suai of 
declination. 


In tlie fame manner, when me Seiue 
tion is IO degrees fouth, he is juft feen at 
noon in the horizon, and difappears from 
that time in his: foutherly motion, till his 
return to the fame point. 

Elevate the north pole to go dégrees, of 
in the zenith, then the globe will be in the 
pofition of a parallel fphere, (art. 210.) and . 
- the equinoétial line will coincide with the 
plane of the horizon : confequently: all. the 
northern parallels are above,. and ‘all the 
fouthern parallels below the horizon’; there 
fore the polar inhabitants, if any there be, — 
have but one day and one night throughout 
the year; their day, when the fun is in his 
northern; and their night, when gh is in 
sap fouthern declination. ria 

This 
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«| iat method, of rectifying the globe for 
north latitude holds good in fouth latitude: 
i by elevating the fouth pole. 


PROBLEM p.4 6) Ap 


To find what conftellation any re-" 
~~ markable ftar, feen in the firma- 
ment, belongs to, 


29. Bring, the fun’s place in the ecliptic’ 
for that day to the ftrong ‘brafs-meridian, _ 
and fet the horary index to that-XII which | 
is ‘moft elevated, the celeftial globe being 
rectified to the latitude, turn the globe till 
it points to the préfent hour; and by the 
help of the mariner’s compafs, and attending 
to the variation, which at London is be- 
tween 20 and 21 deg. from the north, weft. 
_ward, fet the north pole of the globe 

_ towards the north pole of the heavens. 

The ftar upon the globe (if you conceive 
yourfelf in the nites}. which directs towards 
that point in the heavens, in which the 
ftar you want to know is Dips is the ftar 
required, 

At the fame time, by abt daring the en 
in the heavens with thofe upon the globe,’ 

the 
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the other flars and their’ conftellations may 
be eafily: known; whereby you will be 
enabled, any ftar-light night, to point out 
many of thofe ftars called. correfpondents to 
various places on the earth. . 


PROBLEM XLU. 


Lo find at what hour any ‘known 
{tar pafles the meridian on any 
day in the year. — 


260. Rectify the. globe to the latitude, 
(art, 189.) and fet the artificial fun to his 
place in the ecliptic ; bring its center under 
the ftrong brafs meridian, and fet the hos 
rary index to» XII; then turn the globe 
till the {tar comes to the meridian; and the 
horary index. will point upon the equator 
to the hour on which that {tar will be upon 
the fouth part of the meridian. 

If you turn the globe on till the center of 
the artificial . fun. is under that: graduated 
fide of the brafs meridian, which is below 
the elevated pole, all thofe {tars, which-are 
then cut by that fide of the meridian above © 
the faid pole, will pafs the meridian at 
midnight, 

PROBLEM 
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if ho? ROB LEM, XL lIL 
To find on what day of the year 


any ftar pafles the meridian at any 
propofed hour of the night. 


2613. Bring the ftar to the ftrong brafs 
meridian, and fet the horary index to the 
propofed hour; then turn the globe till the 
index points to XII, and that degree on 
the ecliptic, which is cut by the meridian, 
is the fun’s place, againft which, in the 
kalendar upon the broad paper circle, is 
the day of the month. 


PROBLEM XLIV. 


To trace the circles of the {phere in 
the ftarry firmament. 


262. We fhall folve this problem for the 
time of the autumnal equinox; becaufe that 
interfe€tion of the equator and ecliptic will 
- be direG@lly under the depreffed part of the 
meridian about midnight; and then the 
oppofite interfection will be elevated above 

the horizon: and alfo becaufe our firft 
ad 3 meridian 
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_ Meridian upon he terreftrial. globe paffing 
through London, and the firft point of Aries, 
when both globes are rectified to the lati- 
tude of London, and to the fun’s place by 
problem, XII, art. 189, 192., and. the firit 
point of Aries is brought under the gra- 
duated fide of each of. their meridians, we 
fhall have the correfponding face of the 
heavens arid the earth reprefented, as they 
are with refpect to each other at that time, 
and the principal circles of each {phere will 
.. correfpond with each other. 

The horizon is then diftinguifhed, if we 
begin from the north and count weltward,. 
"by the following conftellations; the hounds 
and waift of Bootes, the northern crown, the 
head of Hercules, the fhoulders of Serpen- 
tarius, and Sobiefki’s fhield ; it paffes a little 
below the feet of Antinous, and thro’ thofe 
of Capricorn, through the Sculptor’ s frame, 
Eridanus, the ftar Rigel in Orion’s foot, 

tlhe head of flouncercs, the crab, the head 
of the little lion, and lower part of the 
great bear. 

The meridian is then reprefented by the 
equinoctial colure, which paffles through the 
{tar marked @ in the tail of the little bear, 

under 
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under’ the north pole, the pole ftar, one of 
the ftars in the back of Caffiopea’s. chait » 
marked ®; the head of Andromeda, the 
bright ftar in the wing of Pegafus marked 
y, and the extremity of the tail of toh 
whale. 

That part of the equator, which is thes 
above the horizon, is diftinguithed on the 
weftern fide by the ears tr part of So- | 
biefki’s fhield, the fhoulder of Antinous; 
the head and veflel of Aquarius, the belly 
of the weftern fifh in Pifces; it pafles 
through the head of the whale; and a bright 
ftar marked 3 in the corner of his mouth; 
and thence through the ftar marked ¢ in 
the belt of Orion, at that time nedr the 
-eaftern fide of the horizon. 

That half of the ecliptic which is ae l ; 
above the horizon, if we begin. from. the © 
weftern fide, prefents to our view Capri- 
cornus, Aquarius, Pifces, Aries, ‘Taurus; 
Gemini, and, a part of the conte aa 
Caneer. 

The folftitial colure, from the mich A 
fide, paffes through Cerberus, and the hand 
_of Hercules, thence by the weftern fide of 
the conftellation Lyra, and through the 

| _ dragon's 
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dragon’s head and body, through the pole 
point under the ‘polar flar, to the eaft of 
Auriga, through the ftar marked’ » in the 


foot of Caftor, and through: the hand and 


elbow of Orion. » 
The northern polar circle, float that part 


of the meridian under the’ elevated pole, . 


advancing towards the weft, paffes through 


the fhoulder of the great bear, eto a 


little to the north of the ftar marked « in 
the dragon’s tail, the great knot of the dra- 
gon, the ‘middle’ of the body of Cepheus, 
the northern part of Caffiopea, and bafe of 
her throne, through Camelopardalus, and 
the head of the great bear. 


The tropic of Cancer, from the weftern 
edge of the horizon, pafles under the arm 


of Hercules, under the Vulture, through - 


the goofe and fox, which is under the beak 


and wing of the fwan, under the flar called , 


Saad, marked @ in Pegafus, under the head 
of Andromeda, and through the flar mark- 
ed @ in the northern of the conftellation 
Pifces, above the bright ftar in the head of the 
tam marked «, through the Pleiades, between 
the horns of the bull, and through a group 


- of ftars at the foot of Caftor, thence above 


a {tar 


— 
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a flar marked 3, between Caftor and. Pollux} 
and fo through .a, part of the conftellation 
Cancer, whete it difappears by patting under | 
the eaftern part of the horizon. 

The tropic of Capricorn, from the weftern 
fide of the horizon, pafles thro’ the belly, 
and under the tail of Capricorn,, thence 
under Aquarius, through a ftar in Eridanus 
marked c, thence, under the belly of the 
whale, through the bafe of the chemical 
furnace, whence it goes under the hare 
at the feet of Orion, being there depreffed 
under the horizon. | 

The fouthern polar circle is invifible to 
the inhabitants of London, by being undet 
our horizon. 


To find the time of thé fun’s entry | 
into the firft point of Libra or 
Aries ; and thence that point in 


the equator to which the fun is 
vertical at either of thofe times. 


463. This requires the knowledge of A 
inetidian that fhall pafs through that point : 
jn the equator, to which the fun is vertical 
at the times of equinox ; but as this point 


is 
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is variable,/a fixed ee ce ibe firft 
ov, | 

“In Anno: Domini: ty 59,1 the inion ier, 
Dr Bradley’ obferved the fun to enter 
‘Libra September 22d: to h.'24 min.: after- 
noon, new ftile, aut the nye nerenys 
at Greenwich. - } 

“As “the east? s diurnal, motion _is » Seely 
welt to eaft, it caufes all places to the eaft 
of any other place to pafs firft under the 
fun; therefore when the meridian of Green- 
wich pafied under the fun that day, he was 
not then arrived at the interfecting point, of 
the edtth’s equator and celeftial ecliptic, but 
wanted 10h. 24m. which is equal to 156de- 
grees. See the table at the end of the book for 
converting time into parts of the equinodtial. 

Whence the fixed or firft meridian fought 
is thus obtained, and lies. 10 h. 24 min. 
in time, or,-156,equatorial. degrees weft of 
the Royal, Obfervatory at Greenwich, 

_ This meridian is marked by a dotted line 
on out new, terreftrial, globe ; it pafies thro’ 
the great) Pacific. -fea,.and croffes one of the 
Ifles of St. Bernard, and the Ifle des Mouches. 
' The next thing:to cbe. confidered is the 
neareft mean length of aitropical.year, which — 
OIE N is 
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is a determinate {pace or interval of time. 
between the fun’s apparent paflage from 
one point of the ecliptic, until he returns to 
the fame point again, or from-one equinox 
to the fame again, be it either vernal or 

autumnal. SB . 

We take for our radix the. snstiGia 
equinox, anno 706 of the Julian period, 
which we call anno mundi o, and compute 
from 'Thurfday O&. 25th, oh. o min, or 
noon, the fun being then fuppofed to be 
in the firft point of Libra on the meridian 
before mentioned, and vertical to that point 
of the equator, which lies 156 degrees weft 
of Greenwich. 

- And alfo in the meridian of Greenwich, 
O. 25th, 10h. 24m. upon the 298th 
day from the calends of January. 

~The tropical year thus reckoned exceeds ~ 
the Egyptian year by 5h. 49 min. and is but 
11 minutes fhort of the Julian year; fo 
much being annually allowed for the retro- 
ceflion of the equinox, confequently the 
mean Vane of a peg year is 36 5d. 5 h. 
49 min. ahs ds} Am. 7s Pawrruion.c 

We are sb to Vaicatiite time by this 
— achat aftronomers unanimoufly 

} agree, 
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agree, that the earth paffes through all the 
figns of the ecliptic, fo as to complete the 
circle in-365 d. 5h. 49 min. | 
_ See the refpective tables of Rudolphus, 
Tycho Brahe,’ Caffini, Sir Jonas More, 
Mr. Flamfted, Dr. Halley, Mr. Meyer, 
and Mr. Mafkelyne ; sie Ns it will’ hed 
that" 

- f 8 O | if 
The Guia mean motion in : 
366 days is Atos tact y 5. 
in 6 hours Me 


We i ae 47 
‘Subtra@, for retroceffion, > © 
the fun’s mean maton 
ig II miinutes of time, 


27 


Dix} | clog ag i daidye, ci ach tn. 
The quantity of one. Jalna Ba! -2BPX% 
year is, 
4rom.> which fabtragt pal | : 
It 
retroceflion, 


Sire the remainder 365 5. 49 
completes the circle, and not one fecond 
of time more or A can be produced ey - 
any tablesextant. Var vA te reba 

' Ft SAE: ‘Bets And 


~~ 
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. And the. difference ‘between. calculating 
downwards. from the epoch, A, J. P. 706, 
and calculating backwards 4 in, the, modern 
practice, from the various epochs inthe 
moft celebrated tables, is, that in: thofe laft 
epochs, the11 minutes of retroceflion have 
not been confidered. ok 


From the vernal to the au-] a Phe » Mm 
tumnal equinox 186 Ir 5! 


From the autumnal to the Syed oF 
| vernal ange ve 378 D Vs \e 5 

CARO: O tits eee 

365 5 49 


5 


The equinoxes, regularly, fall every, year 

“eh. 49 min. laten i in the: day, than inthe 
preceding year}. and. at the/end ‘of every 
annual motion of the earth, the equino@tial 
nterfection changes its meridian weftward 
of that in which it fell the er api jutt 
$7 ces: oe a ono lo. yaaisip! oat 


Precepts for. ‘eHe ufe of “yas ‘alee 
Mi ie retroceflion and autumnal 
) equinoxes. : y ort st 6. 


a 264. Firft, finde the number of his 
from the radix: If the given year is be- 
fore 


or 
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fore the Cltiftian’ Fira, fubtraG it from 
40608; the: yentainder 18: Asiva Abi from the 
radix. but au ! 

‘ Secondly;- Ifa any year Ghee the Cheitian 
Aid be given;°add it to'4007, their fum is 
pi year from! the radix) Bt | 

/<Thirdly, ) Colle@ the’ days, naire and 
minutes of retroceflion, and autumnal equi-+ 
noxes ‘fromthe table, aacordine ‘to the 
number of ‘years !from the ‘radix, in» thou- 
fands, hundreds, tens, and units; add thefe 
into two fums, the firft will be ‘the retro 
ceflion, the fecond the time of the equinox 
in that meridian: which) lies -156 degrees 
weft of Greenwich Obfervatory§ to which 
add 10h. sti mand. sel obtain the time at 
Greenwich, - “ : ba's 

. This siti will ferve Ge any cali 
sears alfo, if you add, its .différence in 
time from the fixed meridian. 


~ 


Solar tropical: years thus reckoned begin 
and end) atithe autumnal equinox, «and ‘all 
Julian years Dem and end at: the: kalends 
of January * Hi, par 
N 20 . “ln 


% The kalends of January begin from the noon 
‘of the preceding day; that is, frém’ the noon of. thé 
day before the firft day of January. 
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In comparing folar tropical “years with 
Julian years, by which we, fill compute 
time, obferve, that the laft nine months 
of any folar tropical year anfwer to the firft 
nine months of that Julian year with which 
it is compared; and that the firft three 
months of the next fueceeding tropical ‘year 
an{wer to the three laft months of that fame 
Julian year with which it is compared. - 

The 298th day from the kalends of ri 
nuary, which was Thurfday in the! 706th. 
year of the Julian period, the fun entered 
Libra at noon; at which inftant it was 10 h. 
24. min. paft noon at Greenwich. 

In all calculations of autumnal equinoxes, 
we take the fame 298th day, or October. 
25th in the radical year 0, for our epoch, | 


And to gain the day of the month in 
which the eee muft happen fince the 
radix, 

Add the number of days, hours, and 
minutes in the retroceflion, to the days, 
hours, and minutes of the equinox in ‘the 
fixed meridian, and you obtain the Julian 
days and hours from the radix. | 

Add the epoch 298 to the days of the 
tropical reduction, and from their fum fub- 


tract 
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tract the entire ‘days of the Julian reduc- 
tion, the remainder is the number of days 
from the _kalends' of January old ftile ; 

‘add thereto eleven days, and you obtain the 
‘number of days from the faid kalends of 
January-new ttile ;) from which if you deduct 
the neareft lefs number in the table of 
months (which numbers exprefs the faft 
days of each month) the refidue is the day 

of the fucceeding month. | 

But when the fum of the Julian reduc- 
tion contains eighteen hours above entire 
days, it is a biflextile year; then one day 
more muft be added to the entire Julian 
days before the fubtra€tion is made. 

When there are no hours in the Julian 
reduGtion, that is the firft year after a biffex- 
tile; if fix hours, the fecond; if twelve 

hours, the third ; and when eighteen hours 
above entire days, it is the biffextile year. 

And when the laft refult exceeds 12 
hours, add 1 to the days, and fubtract 12 
from the hours, and you change the time 
from aftronomical to the civil reckoning. 

To gain the time of the equinox on any 
other meridian, add the difference of meri- 
dians to the time found in the firft meri- 

IN ae dian. 
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dian. .'Thus for London or Greenwich we; 
add 10 h. 24 min. for Paris 10-h. 33 mine 
20 fec. for Alexandria in Payptis 12h. 
25, min, &c. : ; 


To gain the ee 


265. Divide the days of the tropical re- 
duction by 7; if o remains, it is Thurfday; 
if 1, Friday; 2, Saturday; and 3, Sunday; 
aan fo on to-6, which is Wednefday, as in 
the table of week-days. 


To obtain the time of the vernal 
equinox. 


266. Firft find the autumnal equinox for — 
the fame’ year in which the vernal equinox 
is required; and from it fubtract 186 d, 
11 h. 51 min. which is the diftance in time - 
from Aries to Libra; their difference will be 
the time of the vernal equinox required. 

The day of the month, and week-day 
found as above, we obtain the literal cha~ 
racter for that day as follows. 

In the table of months ftand the literal 
characters, that are placed againft the firf 

_ day 
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day’ of, each~ ‘month in any common al- 
manack. 9» Bit | etic 
+ And whatever letter ftands againft the | 
firft day of any month, the 8th, 15, 22d, 
and 2gth days of that month, are all cha~- 
racterifed with the fame. 


Avcircle of the 7 literal, or weet 
characters. | mito 


The day of the month and week-day 
given, to find its literal character 
and ‘dominical letter for that year. 
267. A.D. 1772, the autumnal equinox 

will happen at Greenwich, September 22d, 

oh. 55 min, ona Tuefday. 
-Quere, The literal character for that day 


cai dominical letters for that year, it being 
biffextile ? 


The 
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The literal character for the rft of Sep- 
tember is F'; fo alfo is the 22d, and Tuefday 
in the prefent queftion. Look on the circle 
of week-day characters, call F Tuefday, 
G Wednefday, A Thurfday, and fo on to 
Sunday which falls upon D, the laft of the 
two dominical letters for that year, ferying 
_ from the intercalary day to the year’s end. 

The firft dominical letter for leap-years is 
the next in the circle, and ferves for January 
and February, which in this example is E. 

Therefore the two dominical letters for 


> the biffextile year 1772 are E D new Tfiile. 


_ In any common year, the letter firft found — 
ferves for the whole year. 

The dominical letter being known, to. 
find on what day of the week any ik in 
the year falls. | 

‘Quere, What day of the week is. the. 
20th day of March, A.D. 1772? 

The literal character for the 1{t of March 
if D, fo is the 1 5thyand the 2oth being 5 
_ days more, if we count from D; which 
happens to be the domintcal letter, to zB 
Monday the 16th, we fhall find B is Friday 
the 2oth air of March, A. D. 1772, new 
ftile. 

If 
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If the dominical letters were’ required 
for old ftile, ‘in. thefe examples the firft 
would be the 11th of September.-1772, 
whofe literal charaéter i is thus found, F the 
ift day of September, and alfo the 8th, 
G the gth, A the 1oth, and B the rith, 
and by the following calculus Tuefday, 
therefore A G are the dominical letters old 
ftile, A.D. 1772, 


268, Re- 
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268. ‘Required the autumnal equinox at 
Alexandtia in Egypt, in the eae Fears ss 
fore Se Chriftian. mae bgt f 


pit *\ gn a See 
itt e | <ieshces jt Re clawe 
ig { ene | 


A M. 3802 or r years fromm the radix, O&. 25>, A 4b Pp, 706. 


_— , Retroceffion. . .'TPropical esucotcins 

Yearsaradix od. h. min. days aradix h. min. 
ZOCOR 22. < 22 vai © 1095727... «2, Old 

-okale ie Cm IMAP | 292103 "21 26 

SO Oe AE 5 Se Z2191g Ree 

2) "OG ON ee 730 Add ge 


26 12 2 71410565 23 58 


. weeks 201509+2 Saturday. 


vod, h. min. 
‘Tropical days 565 tropical time 1410565 23 58 
epoch -+- 298 retroceflion -+- 20) 32 sae 


em esy 


863 Julian reduction 1410595 12 o 


Julian days —595 the 3d year after 
es biffextile. 


for Auguit — 243 


2 Sept. oe d. vk. ‘min. 
| a kal. Jan. 268 23 58 fixed meridian, 
meridian dif. -+- 12 25 | 


sas 


itt: f: oa ve eg ot 269 12 23 at Alexandria, 


‘On a Sunday, dominical letter C, in the 1 + 
year before the Chriftian Afra. : 


} 269. To 
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2695: <Po: find’ the time of: the’ vernal 
equinox in the faine year, and. at the fame 


‘place. Sg RE ap ES ehh Mie bt Ba ig 
“age cg) go. dy Be miny 
t. eee 
ie ie autumnal ence. ep ake a “269 12 23 
fubftract the diftance in. time between Ti 
ieee 186 It 51 
an t eo a ou. 
| BZ “aR 32 


3 

Pr? n,for. February, 59 

“The i in the 1ff point of Aries at Alexan- dh ; : 
’ dria perate Chrift 146. years, March .. Ze 9319 

I 


% ee . 
1 


270. To find the time of the autumnal 
-equinox at’ Greenwich, A.D. 1768.1 \.5 
4007 
- 1768 


A M. 577 5 or years from the at ; 


Retroceflion. apical redudtion: 


_ Years a pay da. ch. min. days a radix h. min. 
5000 38 4 40 1826211 19 20 - 
FOG. S6o 8 20.4 y0h 285669), ri guilzoalT 

My O- E8)' co 25566  2¢9 ste 

BO. a Tos? Oe Te 

44 2 45 7)2109274 15 15 


weeks 301324--6 Wednefday. 


. Tropical 
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Tropical days 274 ~ tropical, time 1 28d92740 1g Is 


epee + 298 retroceflion + : Ad A 45 
peas Das $i Me SEs te See 
baleen 2109318 :48p/-6 
jul. "ghd ate lh becaufe of the 18h. _biffextile year. 


2 253 A kal. Jan. old ftile | hi te 
for new Saou hid 11 days | eS ee 


264 4 kal. Jan. new ftile Lo ae * 
for Augutt aa bess) no bas 
#5 in & Sept. 21. do he min, 


in the fixed meridian 4 kal. Jan. 264 15 15 
meridian diftance -+-- 0 I0 24 


ne 


he fun in the 1f point of Libra at Green- 


wich, Sept. 22, t 265 1 39 


0 not 


271. To find the ae of the vernal ¢ equi 
nox, A. D. 1768. 


Ge, he Whips 
me From the autumnal equinox, Sept. 22, 265 »- In 39 
. fubftratt dit. a & = PoQ It gt 
78.13 48 
for: Feb. > *SQ 05a O _ 
The. fr i Aries at Greenwich, A.D. 1768, 15 1, 43 
¥ 


2 Having 


\ 
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272. Having found the autumnal and 
vernal equinoxes for the biffextile year, A.D. 
1768, we obtain them for the three fol- 
lowing years by continually 5 thereto 


5h. 49min. thus: 


inv d. h. min. 
1768, March 19, 78 13 48 
+ 5 49 


1765, March 194 78.18G 37 
, 5 49 


1 26 


I 1770 March 20, 79 


Gy a) aa, 
1768, Sept.22, 265° 1 139, 
549 


- 2h Sept, 22, 285 7 28 


a ii), 


1771, March 20, 79 7 15 


ss art we. 


1770, Sept.22, 255 13.17 
+. 5 49 


1771, Sept, 22, 265 19 6 


273. Required the time of the autumnal ~ 
equinox at Greenwich, A. D. 1772.. | 


4007 
1772 


Greenery 


A.D. 5779, or years from the radix. 


\ 


Retroceffion, 

Years Aradix d. h. min. 
5000 «(38 40 

geen... B 

70 

9 


Tropical reduction. 
days a radix h, min, 
1826211 19 20 
255669 15 40 
25506 23 10 
3287, 4 2h. 
7)2110735 


14 3! 


weeks 301533-+-4 Monday.) 


Tropical 
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Tropical days 735 . to thetropical tinie Bt30735 M4 31 
Bee 2 aaa 3 peronetfon +. - 44 3 29 


pons eer oes 


6 tel p2bhOF- 9. 18..0 
jul Sag ubenrr& © becaufe of the 18 ie Diffextile pa : 

253 a kal, Jan. old ftile, 
for new Werk as I1 days 


pod ey a kd}. Jan. new ey ¥ 
_ for Auguft — m3 “01.42 


spin Libra Sept. 21 21 | d.nvh.. m. 
in the fixed meridian 4 kal. Jan: 264 14 33 
meridian diftance-+- 0 10 24 


eee ee oe 


The fun in the firft point of Libra at 
Greenwich, Sept. 22 


| (265 0 55 
On a-Tuefday : a's ag letters E D. 


; ¢€ 


274. To obtain, the vernal. equinox; 
A.D. Pe 


f 


. wd) fen. 

From the: autumnal e uiNox, Sept. 22, eg 
Di a nets Jan. me 48g 2 339 
diftance frem Aries to Libra ee Si 


TE LI OE Dy oor eRe 
- 


} 


‘a 78 130 4 
for February 59. oe 


The fun in the frit point of Afies at i i is " 


Greenwich, Mar. 

We find-the two equinoxes.in the three 

next fucceeding common years, as in the - 

preceding example, by the continual addi- 
tion of 5 hours, 49 minutes. 

By 
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By this method of calculation, we avoid 
any miftake that might happen with refpe@ 
to the intercalary day ;-becaufe we find the 
autumnal equinox firft, and thence the vernal 
equinox, which always falls after the inter- 
talary day, and alf becaufe tropical time has 
no biffextile years. 


> 


To reduce hours, minutes, and 
- feconds of: time, into degrees; 
minutes, and feconds of the | 
equator. 
. 275. Divide the feconds .of time by 4, 
the. quotient is minutes, and remainder fo 
many times 15 feconds. 
Divide the minutes by 4, the quotient is 
degrees, and remainder fo many times 15 
minutes. > 


Multiply the hours. by ES, the pee" 
Pais degrees. : 


O EXAMPLE, 
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EXAmPie.. 


Reduce ‘ri h. a5:min. 27 fec.” of time 
into degrees, minutes, c. of thé equator. 


fec. _. min. ie pila deg. min. fec: 

4)27- 4)35 ORL: 165 © oO 

— a i 8 45 <i 
6 450) 8" 45). o 6 45 


anfwer 173 51 45: 


To reduce degrees, minutes, and fe- 
conds of the equator, into hours, 
minutes, and feconds of time. 


246. Divide Yetonds by 15, the quotient 
is feconds, and remainder fo thany times 
4. thirds. ~- | 


Divide minutes ‘by 1 $ the quotient is 
minutes, and remainder fo many times 4 
feconds. — 

Divide the degrees by f 3 the quotient is 


hours, and remainder fo many times 4 
minutes. | 


EXAMPLE. 
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ExamPur. el 


Reduce 173. deg. 51 min. 45 fec. of the 
equator into hours, minutes; an feconds of 
time. . 


fee. min. deg. h. hh. min. fee. 


15)45(3" 152513" 15)173(11 TE 320 
45 45 15 o 3 24 
— — _ UN Otis 
° pear. 23 re 
ana Ir 35 27 anfwer. 
8-32! 


We are now prepared to folve the lat-. 
ter part of the laft problem, which is as 
follows. 


PROBLEM XLV. 
To find all thofe places in which it - 


is noon at the time of an equinox, 
as well as that point upon the 
equator, to which the fun is ver- 
tical at that time. 


277. Having found the time of an equi- 
nox by the preceding, or any other method 
of calculation, as in the firft example, we 

O 2 find 
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find the fun entered the firft point of Aries 
at Alexandria in Make: March kis. om 
32 min. 

The 32 minutes of time seihesas to the 
tor. are equal to 8 degrees. 

Therefore bring. Alexandria. under the 
eraduated fide of he {trong ‘brafs meridian, 
ond fet the horary index to XII upon the 
equator, turn the globe from ‘weft to’ eaft 
until 32 minutes of time, or 8 degrees of » 
the equator have® paffed under the horary 
index, where ftop the. globe ; then-all thofe 
places under the faid graduated fide of the 
{trong brafs meridian will have noon, and 
that degree of the equator, which is then 
under the meridian, is the point, to which 
the fun was at that inftant Vertical, and is 
the interfecting point of the equator and 
ecliptic, or that terreftrial meridian, which 
governs the paflage of ee firft ie of 
Aitiee for that a 


bark 20) The 
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T he ‘glint equirtoxy wee D. aus. 
will fall | on the -1gth day of 

“March, / at .13°h. 4 min. which 

. geduced*to the decrees and ‘mi- 

putes of the equator, is equal to 
190 degrees. | 


278, Bring Tend to the firong brat 
‘meridian, and» fet the horar index. to XII, 
(in this cafe the graduated fide is. the: ho- 
tary index) turn the globe from weft to 
veaft. until 13 h. 4 min..of time, or 1.96. de- 
‘grees of the equator have pafled under the 
-chorary index; where ftop the globe; the 
196th’ degree of the equator will now be 
found under the graduated fide of the brafs 
‘meridian, and is that point on which the fun 
will be vertical. at noon; at which inftant 
‘it will be 13 h. 4 min. paft noon at London 
-or Greenwich. 

The meridian pafiing Piroieh: this polit 
will be feen to pafs a little eaftward of 
‘Kamkatfka through the Pacific Sea acrofs 
the ifland Dicerta, thence eaft of the ifle 
T ii and through the weftern part of 
O 3 New 
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New Zeland ; all which places will have 
noon at the inftant of that vernal equinox. 


The  Scbsdaral equinox, A. D. 1 77 2s 
will happen September 22, © h. 
55 min. at London, the 55 min. 
being equal to 13 deg. 45 min, 
of the ae ae ; | 


279. Bring London to’ the graduated fide 
of the ftrong brafs meridian, and fet the 
horary index to XII, turn'the globe from, 
weft to eaft, until 55 minutes of time, or. 
13 deg. 45 min. of the equator have pafled - 
dhder | the ‘hhorary index, where {top ‘the 
globe ; here, as in the laft example, the 13th 
degree and 4 sth minute is that point upon 
the equator to which the fun is vertical, 
and the meridian: pafling through this point, 
lies under the graduated fide of the ftrong 
braf§ meridian; which paffes over the mid- 
dle of Greenland, and through the Atlantic 
Ocean to the eaft of ‘Tener a little to the 
weft of Afcenfion Hland, and thence through 
the Ethiopic Ocean, at which places it will 
‘be noon at the time of this autumnal equinox. 


"Here 
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Here it will be proper to ‘give the reader 
a {hort account it 


Of ihe seta agreement between 
the celeftial and terreftrial { pheres; : 
or, How to gain a perfect idea of 
the fituation and diftance’ of all 
places upon the earth, “f the fun 
and ftars, 


280. That part of the firmament, which 
is in the zenith of London, i is perpendicular 
to half the globe of the earth; which half 
‘comprehends almoft all the habitable land 
of Europe, Afia, Africa, and America, with 
their coafts, capes, land, and feas;° fince - 
under the other celeftial hemifphere, which 
we do not fee at the fame time, there are 
only very inconfiderable lands and ifles. 

The inhabitants of Great Britain and Ire- 
land nearly fee the fame half of the firma- 
ment adorned with ftars and planets, which 
at all times fupply the place of an immenfe 
map of the world; and fhew our terreftrial. 
hemifphere by the {tars, conveying the cor- 

ee ae reipondent 
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refpondent marks of the two continents to 
our fight and mind. | 


The fun, by his apparent. daly motion, 
feems to defcribe a kind of {piral, in pafling 
from one tropic to the other and back again, 
continually changing his declination, and 
every day a sib a. ‘different pamiiee. 
art. 171. 


_Forty-feven of, thete diurnal pasalldl are 
drawn on our new terreftrial globe, art. 177, 
178. between the tropics of cancer and capri- 
corn, reprefenting the parallels for every. de- 
gree of the fun’s declination. , 


Before the reader proceeds, he is defired 
in order to be perfectly acquainted with the 
caufe of the daily change in the fun’s decli- 
nation, to go back to art. 185, and read from 
thence to the 189th art, 


Which being done, it will be. ae to 
conceive, that the fun being in any one of 
thefe parallels, muft piece arily caft his per- 
pendicular rays that day upon the heads of 
the inhabitants of thofe places through which 
that parallel of declination pafles, 


Note, Although thefe 47 parallels are 
here called parallels of declination, they are 
; alfo 
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alfo ee pial of latitude ‘upon the terreftrial 
globe.” see 

From thefe principles we obtain the fi- 
tuation of thofe” places, to which the fun j is 
vertical every day in the year; we alfo find 
the time Of that day’ at the place of any ob- 
ferver, from’whence looking at the fun, we 
may pronounce him to be over the heads of 
the inhabitants of divers cities. and ftates, 
during the feveral hours of -that le and fo 
on for every day in the year. 

The fun being perpendicularl y over any 
one of thefe diftant cities’ or principalities, 
at the time of our obfervation, if.a plumb- 
fine be held up between the obferver and 
the fun, fo as ‘to pafs through or before 
the fun’s. center, it will cut the. vifible 


horizon i ina point, that will fix the bearing- af ck 


or pailage i in a right line from the obferver 
to that place, upon which. the fun is then 
vertical. 

A point thus noted upon the. vifible ho- 
‘rizon may be {een at all times, and repre- 
fent the fame bearing, independent of the 
fun and ftars, and that in fuch a confpicuous 
manner as to render this knowledge always 

cnr utetul, and interefting. 
se The 
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‘The ftars at night perform the fame more 
copioufly, by pointing out to our fenfes the 
diftance of many remote provinces, at one _ 
and the fame inftant of time, from our own — 
zenith, y 

Hence we are in poffeffion of a moft 
extenfive field, wherein we may correct and 
improve our aftronomical and geographical 
knowledge. aide 


Examples of folar correfpondents. 


PROBLEM XLVI. 


To find the folar correfpondence to. 
a faxed point upon the earth, 
when the fun is feen by an ob- 
ferver, fituated upon any other: 
point of its furface. 


Exampre I. 


281. Let the obferver be in London (or — 
in any of the country places within thirty 
miles of it) upon the roth day of March, 
at 10 minutes paft XI o'clock in the 


morning. | 
| - QUERE, 


7 
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Quere, The place upon which the fun ( 
will be vertical at that time? 
Redtify the globe, by bringing the roth 


of March, engraved on the back. of the 
trong brafs meridian, to the plane of the 


broad paper circle; find the fun’s place, 
againft the day of the month in the kalen- 
dar, which will be about 20 deg. to min. 
in Pifces; feek thefe degrees and minutes 
in the fign Pifces upon the ecliptic line on 
the globe, and you will find it fall upon 
the fourth parallel of fouth declination: to 
all the inhabitants on this parallel, the fun 
will be vertical that day. Now bring 11h. 
10 min. on the equator to the dediaed 
fide of the ftrong brafs meridian, and you 
will find it cut the fourth fouthern parallel 
upon the city of Loango, on the weftern 
coa{t of Africa. 


Therefore if you look at the fun 10 mi- 
nutes :paft XI in the morning at London, 


you will then fee him at the inftant he is 


direétly over the heads of the inhabitants of 


the city of Loango in Africa; at the fame 


time, your ideas are made fenfible of the 
comparative diftance, which you fee in the 
firmament between the zenith of London, 

under 
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under which you ftand, and the fan, which 
is then in the zenith of ‘Loangos alfo if at 
the time of your obfervation, you caufe a 
plumb-line to be held up between you and 
the center of the fun, and caft your eye 


-. down towards the moft diftant part of your 


fenfible horizon, the plumb-line will cut 
a point thereon, which, if remembered, will 
always fhew you the true bearing or point 
of the compafs, in a dire& line from your 
fituation, to that of Loango. 

This diftance and bearing may be any 
found by the globe thus: 

Elevate the globe to the latitude of Lon- 
don, that the broad paper circle may repre- 
fent your horizon; fcrew the nut of the 
quadrant of altitude in the zenith, that is, 
upon si deg, 32 min. counted from the 
equator towards the elevated pole, bring 
‘London under that point, and lay the gra- 
duated edge of the quadrant upon Loango, 
which will cut the bearing 15 degrees, 
reckoned from the fouth towards the eaift, 
or between the points SSE and SbE; now 
feparate the quadrant from the globe, and 
lay its graduated edge upon Loango and 
London, fo that the beginning of. the gra- 
duation may lie upon one of the places, then 


the 
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the other will cut 56 degrees, which is 
equal to 3360 geographical miles, or 3892 
Englith miles, the diftance Peaeen oe 
and Loango. se 

To elucidate this Biaticts, we fhall trace 
the fun’s verticity over that part of this day’s 
parallel of declination, which is included 
between the rifing and Atting fun at ‘Lon- 
don for that day: 

Imagine, as we have before nisBene an 
image of the fun to be painted upon the 
cieling of the room, directly ‘c over the” ter- 
7eAvial globe. 

‘Let the globe be erie to the 10th 
of March, place the center of the artificial 
horizon | upon London, and bring it into a 
coincidence with the weit fide of e plane of — 
the broad paper circle, now reprefenting the 
edge’ of the earth’s illuminated difc; we. 
fhall then have the pofition of the earth 
with refpect to the fin for that day, when 
the inhabitants of London will be leaving 
the twilight, and pafling into the firft point 
of day, or fun-riling, at about 18 minutes 
paft VI in the morning, cut by the gra- 
duated fide of the ftrong brafs ae oid on 
one a line under the equator; at this 
_ time, 
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time, the meridian will likewife- crofs the 
fourth parallel of fouth declination, in the 
Indian Ocean; between the ifland of Sumatra 
and the Maldive Ifles; if we look upon the 
fun that morning at the inftant of his rifing; 
we fhall fee that his diftance from our zenith 
will then be go degrees, he being in our 
horizon, which is equal to 5400 geogra- 
phical or 6155 Englith miles, the diftance 
from London to that part of the Indian Sea ; 
turn the globe from weft to eaft, until 
8h. 12 min. are under the horary index; 
which in this cafe is the {trong brafs meri- 
dian, and it will cut the ifle Macarenhas, to 
ae the fun will then be peraendienare 
Z paft IX he will be perpendicular to the 
coal of Zanguebar, his central ray patfing 
between Monibacca and Pemba; thence it 
paffes over the kingdoms of Monomugi, 
Macoco, Congo, &c. until he is perpen- 
dicular to the city of Loango, upon the 
weftern coaft of Africa, at 11h. 10 min. the 
fame morning; immediately after which, 
his perpendicular rays are abforbed in the 
Ethiopic Ocean, over which he is 3-h, 
22 min. in pafling to Fort St. Lucar, on 
the eaftern coaft of America, at 32 minutes 


paft 
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pait Il in the afternoon ; thence he proceeds 
to fend forth his perpendicular rays over the 
heads of the inhabitants of Brazil, acrofs the 
vaft country of the Amazons and Peru, in 
the decline of our evening, until his arrival 
over Cape Blanco on the weftern fide of 
South America, a little before he fets to the 
- inhabitants of London, which is about 40 
minutes ae V o'clock. 


ak hvac te II. 


282. Every rectification being obferved 
as in the firft example ; Q. What is the place 
upon which the fun is a correfpondent at 
48 minutes paft VI in the evening of the 

8th of May, the fun’s place being about 
17 deg. 40 min. in Taurus, or nearly vertical 
to the 17th parallel of north declination on 
that day? Turn the globe from weft to eaft, — 
until London has paffed the ftrong brafs 
meridian, and ftop when its graduated fide 
is directly over 6 h. 48 min. afternoon, and 
at will cut the 17th parallel of north de- 
clination, the city of Acapulco on the 
weftern coaft of Mexico, over which’ the 
fun will then be et Mf 


EXAMPLE 
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oe Let the obferver be at ‘Cape fame: 
on the weftern coalt of Ireland, on the 16th 
day of July, at 54 minutes paft “VIII in the 
morning. 

QUERE, Tl he ae upon | sahil on fan 
will then. be vertical ? ‘ 

The fun’s place being in n the td Picice 
of Cancer, which on the: globe falls /upor 
the a1ft parallel of north declination. 


_ Bring Cape Clear to the graduated fide ef 
the ftrong brafs meridian, and fet the horary 
index to XII, turn the globe till 8h. 54 min. 
amongft the morning hours are under the 
horary index, and you will find the gra~ 
duated fide of the flrong brafs meridian to 
cut the 21ft parallel of north declination 
‘upon Farrat in Nubia, on the weftern coaft 
of the Red Sea. 


rate weet ee | 
284. Let the obferver be at Rome on the 
20th day of November, at 37 minutes sie 
X in the morning. 
Quere, The place upon Witch the fun 


will be vertical at that time? 
The 
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| The fun being aboit 281 degrées in 
Scorpio, which falls to the foutliwatd of the 
20th parallel of fouth declination. ~ 
_ Bring Rome to the graduated fide of the 
ftrong brafs meridian, and fet the horary 

index to XII, turn the globe to have 10 h: 
— 37 min. under the horary index, and the faid 
graduated fide will then cut, under the 20th 
parallel of fouth declination, the city of So- 
fala in the kingdom of Quiteri, to the fouth 
of Monomotapa, on the eaftern coaft of 
Africa. 

We apprehend thefe Sos examples are 
fufficient to give the reader a clear idea of 
the folar correfpondents to all places within 
the torrid zone, and to enable him to dif 
cover fome thoufands more. © 

Although we can have but one folar cor- 
refpdtident at the fame time, yet; as in the 
firft example, we can trace him through 
his diurnal paraltel for every hour and mi- 
nute of the day, and fo alfo upon every day 
in the year. 

Nothing can be berks oi more intelligible 
than this “method of improving the mind, 
by repréfenting to. the eyes the diftance 
from, our own, Zenith to that of every {pot 

P of 
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of ‘Jand:and., fea: within: the’ tropics ; when 
atevery fingle obfervation we have it alfo 
in our power toinote the bearing of each 
- of -thefe. places). upom our vifible horizon, 
which may bereferred to, at all times, when 
thé fun is not in that parallel. 

Let us now change the {cene, and ‘pro- 
ceed from the confideration of the: fun, to 
that’ of the’ ftars ; which will prefent to our 
view a copious field of geographical know- 
ledge; many of? thefe may. be feen ‘at one . 
and the fame inftant of time, when they are 
in the zenith of fo many different places 
upon the earth, and then immediately after- 
wards remove from that defignation, to give 
place for a great number of others, 


Of fie celeftial .correfi pondents. 


- 28%. The knowledge of the celeftial cor- 
refpondents difcovers a new fyftem of aftro- 
nomical geography. The perfect agreement 
between the celeftial and terreftrial {pheres 
conttitutes this fyftem ; which may with very 
little trouble be underftood, “by making: the 
ftudy of one a guide to the knowledge of the 

_ other ; 
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other 5. the’ objed of this correfpondence j is 
the continual variation between the parts of 
the celeftial and’ terreftrial {pheres, 


Geography alone being eafier than aftro- 
nomy, has generally a particular place in 
the education of young ftudents, who. fel- 
dom. leave their juvenile ftudies without 
gaining fome idea of the four quarters of the 
world, a flight notion of the fituation of | 
places with refpe€t to each other, and a 
{ketch of the principal empires; but gene- 
rally without. any application to the ter- 
reftrial, and fcarce ever a comparifon of that 
with the celeftial globe; and without feeling 
a lively curiofity to become acquainted with 
thefe neceflary and improving bran¢hep of 
{cience. 

_To facilitate the fludy of geography, it 
has always been neceflary to lay maps and ~ 
charts before a pupil, which are generally 
feparate plans of different countries. But 
what idea do thefe afford of the vaft extent 
of the earth, of its fpherical form, or of 
the proportionable diftances, real bearings, 
&c. of the empires, kingdoms, and ftates 
on the habitable part of our dd ehh 
globe t 

ae How 
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How much more-intelligible and juft are 
the proportionable diftances of the fixed 
ftars, when compared with the natural dif- 
tances of the feveral places upon the earth, 
over which they dart their perpendicular 
rays; thereby conftituting this new fyftem | 
of altronomical geography, by ocular de- - 
monftration ? They are faithful teftimonies 
_of the vait extent of the univerfe, and they 
declare the diftance, bearing, and fituation 
of all places upon the earth. 

By thefe means, together with the aflift- 
ance of maps and charts, fuch a copious 
and clear idea of géography will be attained, 
and its natural principles fo firmly eftablifh- 
ed, as never to be erafed. 

The confequences to be drawn from 
thefe principles are entirely in favour of thé 
harmony between the celeftial and terreftrial 
ipheres. , 


Of the paflage or tranfit of the firft 
point of Aries over the meridian. 


286. This point determines the apparent 
daily motion of the heavens, and fixes the 
continual difference in the courfe of the fun 


and ftars. pial 
The. 
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The knowledge of that particular point’ ’ 
on the terreftrial equator, where its inter- 
fection with the celeftial ecliptic happens 
to fall at the time of a vernal equinox, 
points out that place upon the earth to which 
the fun is vertical at that time; and ‘from 
the knowledge of this we obtain the time of 
its paflage over any meridian upon the: tad 
for every day of the year. 


The conformity of the degrees of right 
afcenfion, with thofe of terreftrial longitude, 
happens but upon one moment of the 24 
hours, in a natural day ; when the firft point 
of Aries is on the meridian of London, 
the firft degree of right afcenfion is on this 
meridian alfo; and the fignal to confirm 
this is, when a ftar of the fecond magnitude 
marked y near the extremity of the wing. 
of Pegafus, is upon the meridian; at that 
inftant, the equinodtial colure will be upon 
the meridian alfo; for this colure ‘paffes 
* through the firft point of Aries and that 
ftar. | 
This is the moment, in which each of 
the 360 degrees of right afcenfion in the ce- 
leftial fphere, is perpendicular to every like 
degree of terreftrial longitude; at which | 

5 3 time 
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time there is a perfect parallelifm and ‘per- 
pendicular correfpondence of all the circles, 
points, and lines, in both {pheres, 


To this we have paid a, particular regard, 
_in the conftruction of our new globes, by. 
numbering. the degrees. on the, equator of; 
the.terreftrial globe, with an upper row of; : 
‘figures in the fame dire€tion, as- thofe of 
right afcenfion are numbered upon the ce- 
leftial globe. | | ne 
If from that inftant of. time, when. fie 
ftar y of Pegafus is upon the meridian, we 
conceive the. flars to be immoveable, and: 
that we, together with , the globe of: the 
earth, are turned from welt to eaft upon the. 
equatorial axis, we {hall perceive our own 
meridian to pafs fucceflively under every de- 
gree and ftar on the. celeftial equator: \... 
287. And that.the reader may thoroughh y 
underftand what is meant, by this uniformity 
‘in the two. fpheres,..let him imagine the, 
celeftial globe to be delineated upon glafs, or 
any Ahee tranfparent matter, which ‘hall 
invett or furround .the terreftrial globe, 
but in fuch a manner, that either may, 
be turned about upon, the poles -of the 
world, wlilft . the. other remains fixed; 
and 


Celeftial and Terreftrial Globes. 2Ir's 


and fuppofe the rft point of Aries, on the | 
‘invefting globe, “to’cbe placed upon’ the 
_ firft point of Aries‘on’ the terreftrial globe, 

(which point is.in the meridian of isimion) 
they willithen reprefent that fituation of the 
heavens:and: the earth, we have been juit 
defcribing, on thatiinftant, when the frht 
point of Aries is upon the meridian 3 and 
_ then cevery. ftar on the celeftial will Jie upon 
every particular place of the terreftrial globe, 
to which it is a correfpondent ;) cacl» ftar will 
then have the degreeof its right afcenfion 
direCly ; wpon the.correfponding degree ‘of 
terreftrial longitude; « their declination owill 
alfo be; the fame with: the: latitude of. se 
places upon which they he.. 


Nowy if the reader conceives the celeftial 
invefting globe to ‘be-fixed; and the? ter- 
reftrial globe to be gradually turned from 
weft to eaft, he ‘will readily underftand, as 
the meridian of London paffes from -one 
degree to another under the invefting iphere, 
that every ftar thereon becomes a corie- 
fpondent to’ another place upon the earth ; 
and {0 on, until the earth has completed one 
diurnal tevolution, or till all the ftars, by 
their’ “appre daily motion, have: paffed over 


P 4 every 
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every meridian of the  terreftrial globe. 
Hence .arifes an amazing variety in) the. 
harmony of both {pheres, © 
_ If the fun and a ftar pafs the meridian 
on any particular day, the next day the 
ftar will precede the fun about 4 minutes; 
in two days the acceleration of the ftar with 
refpect to the fun will be about 8 minutes, 
in 4 days 16 minutes, in 8 days 32 mi- 
‘nutes, and in fifteen days the apparent 
motion of the ftar will be accelerated one 
hour, whilft the fun, with refpect to the ftar, 
will feem to be retar ded one hour; in one 
‘month the ftar will be two hours before the 
fun, in three months fix hours, 1 in fix months 
twelve hours, and in one “a twenty-four 
hours. 

So that a year after the {un and ftar have 
-_croffed the meridian together, they will meet 
again nearly at the fame time; but the 

tar, inftead of feeming to make 365 revo- 
lutions, will have made 366, one more than 7 
the earth to the fun in a year, 

The right afcenfion of the firft point of 
Aries, is the complement of the fun’s right 
afcenfion to 360 degrees of the equator, or 
to the 24 hours of a natural day: this is the 

| point 
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point, from which the right afcenfion of the 
fun, ftars,; and planets is always reckoned. 


The Reader will pleafe to obferve, that 
in {pring and fummer, the firft degree of 
right afcenfion, which is the firft point of 
Aries, comes to the meridian with us before 
noon; there are no ftars then vifible in the — 
night, but thofe which follow the firft point 
of Libra; that is to fay, thofe ftars which 
have more than 180 degrees of right afcen- 
— fions in autumn and winter ehibte! ftars are 
vifible in the night, which follow the firft 
point of Aries, having lefs than 180 degrees 
of right afcenfion. 


Obferye alfo, that the interval between 
the paflage of the firft point of Aries over 
the meridian of any place, and that of the | 
firft point of Libra over the fame meridian, 
is not 12 complete hours, but only 14 
hours 58 minutes, to which attention muft 
be paid, left thefe two minutes fhould be 
miftaken. 


By the paffage of. the ftars over the 
meridian, we are taught the knowledge of - 
thofe degrees of the equator, which are then 
aks and fetting ; for that degree which is 

fetting 
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_ {etting precedes thation the meridian ‘go des 


> 


grees, or fix hours; and a8o.degrees, or 


~ twelve hours that, which is, rifing 5 3 and-that 


degree of the equator, which is.on the mes 
ridian under the cleyated pole, is. 180 de- 
erees diftant from: that point of it. _which i 18 
pafling underneath the meridian, | 


PROBLEM xian’ a) 


To find the time of the right 5 (aie 
fion of the firft point: of Aries 
‘upon any meridian. 


~ 288. We have already thewn by'an eafy 
calculus, how to find the times of equinox 
to any meridian, but we have not yet fhewn 
their application to the right ronan af the 
firft point of Aries. 09) QT aya 


The diurnal ie of aout afvenfion, 
at the time of a vernal equinox, is 3 min, 
38 fec. which we have formed into a table, 
entitled, ‘‘ The horary difference in the mo- 
«tion of the firft point of Aties’ at the 
“ time of a vernal equinox ;” to which is 
annexed, ‘* A table of the difference of the 
g  pafiage 
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*< paflage: of the firft pointiof Aries over the 
‘“< meridian for every day in the: year.” 


The ufe A the tables of right afeen- 


- fon: 


289. Having found the time of any ver- 
nal equinox, and transferred it from the 
fixed to your own meridian by the addition 
of your meridian diftance, - 

Take out of the table of baat diffe 
rences, the Motion ‘aniwering to the hours 
and minutes of the time of the vernal ik 
nox, and their fum will be the time of the 
paflage of the firft point-of Aries over that 
meridian ; the day on which, but before, the 
equinoctial interfetion happens. 

N.B. In.taking out the numbers from 
this table, reject the thirds, if they are under 
thirty; if they exceed thirty, add one to the 
minutes found in the table. 


Need D. 1769, the vernal equinox falls on 
March Agth, 1gh. 37 min. 
min. fec. 
~ hours £Qe ate 
minutes 37. 0 6 


_ Rightafcenfion of 7 ©, up- 
on the equinoctial day ba 59 patt noon, 


A.D. 
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A.D. 1770, the fun will enter —— 
March 20, th, 26 minv 
min. Ges 
hours i- Oxo gi 
minutes 26 O 4 


Right afcenfion of V @ on 1 
the equinodtial day, at fo 13 paft noon. 


AD, 1771,1 the vernal equinox falls on 
March 20, 7h. 15min. | 
» 9 min, fec, 
hours 7 1 4 
minutes 15 O, 2 


Right afcenfion of ¥ © on bin “(4 
‘the equinoétial day, at §* 6 pat bie 


“A.D. 1772, the fun will enter or 
vee 1g, 13h. 4 min. 
» min. fec. 
houts, 13.1 58 
minutes 4 0 1 


tae 


The right afcenfion of the firft point of 
Aries, thus found for the day. on which the 
equinox happens, holds good for the whole 
year, and is to be added to the difference 
of the paflage of the firft point of Aries 
over the meridian found againft the, day, of 


the 
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the month; and their fum will be the time 
of day when the firft. point of Aries will 
pafs the meridian. 

Obferve, when the equinox falls-on' the 
19 day of March in a year which is not 
biffextile, to feek.the day of the month in 
the right hand column of the table; and 
when it falls upon the 20th day of March, 
feek the day of the month in the left hand 
column, againft which: in either cafe, and 
under the name of the month, you have 
the proper difference of right afcenfion to 
be added to that found above for the day 
of the equinox... 

In biffextile years, pee shies day of the 
month in the left hand column, to the end 
of February, and for the intercalary day, or 
29th of February, take out the difference 
of right afcenfion anfwering to the firft of 
March, after. which to the year’s end feck 
the day of the month in the right feat 
column. . 

Having thus found the right afcenfion of 
the firft point of Aries for any day. in the 
year, add thereto 11 h. 58 min. and you 
obtain the time of the right afcenfion of the 
firft point of Libra. 

EXAMPLE. 
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Pe Ne 2 ORL 

A. D. 1769, equinox March 19% 
ie , A. min, fec; 
Jats 263 ++ dA aon 
HERO Dire. (EUS 
Right afcenfion Y ©, 3 26 23 


Nov. 14, 8 36 31 
Wad 35h 


Right afcenfion F ©, 8 39 30° 


Examere If, 
A.D. 1770, equindx March 20. 
h. min. fee. : 


BCD. 2 65:40. 1 aa 
‘ii : + OSes 


Right afcenfion v OPE av Ge 25. 5 
OC 18; 610 26s 
oH “rove 


Qantas 


Right afcenfion 7 ©, 10 26 49 


‘ 


EXAMPLE 


‘ : 
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eR xamepre Th 
A.D. 1771; equinox March 20. 
h. min. joe 
jan. 125 4 ' 92) 46 
: err ayy 8 
Right afcenfion Ws 4 soe ga 
: December 16; 6, 22. 58 


Right aicenfion ©, 6 24 4 


EXAMPLE IV. S 
A.D. 1772, equinox March rg. 


Biffextile year. Sie gh. etm. fee: 
February 28, 2 13.95 
tre PLA Oe 


Right afcenfion ¥ ©, 1 ool SS 


The intercalary day, Feb.29, 1 9 50 
fee wall NE: GR i, 
Right afcenfion ©, I 11 49 


March 1, i ys Oe 


Right aicenfion + Coed 8). eee 
Augult 28, 13 28> 87 
| murs OO Bg 


Sey 


“Right afcenfion ¥ ©, 13° 30 16° 
) Thefe 
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Thefe four examples are quite fufficient; 
if the Reader compares them with the a 
and precepts. 


In the 42d and 434 problem, art. pb! 
261. we have fhewn how to find the hour 
that any known ftar comes to the meridian 3 ~ 
and alfo to find the time of the year any ftar 
paffes the meridian at any hour propofed : 
but in that place we were not prepared to 
apply the right afcenfion of the firft point of 
Aries, fo properly for an obferyation of the 
ftars, as by the following. 


PROBLEM XLVI: 

To find the time of the right afcen- 
fion of any ftar; upon ary par- 
ticular meridian, on any day in 
the year. 


290. Firft find the time of the right 
afcenfion of the firft point of Aries, art. 288: 
_ by ptoblem 47, agreeable to your own me- 
ridian. 

Then apply to the celeftial globe, and 
bring the given ftar under the graduated 
fide of the ftrong brafs meridian, whieh will 

cut 
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cut its right-afcenfion, or rather its. diftance — 
in time or degrees, upon the equinodtial ; 
add this quantity exprefled in time to the 
right afcenfion’ of the firft point of Aries, 
and you will obtain. the time of the paflage 
of that ftar over the meridian’ very neat the 
truth. Thus, 

The ftar marked y in the head of Daco, 
will have 268 degrees, or 17h. 52 min. 
of right afcenfion or diftance from the firft 
point of Aries, art. 276; which added to the 
right afcenfion of that point for the 13th 
day of July, A.D. 1772, gives the true time 
of its right afcenfion that evening: at 10 h. 
12 min. this ftar will be over the heads of 
the inhabitants of London at that time, its 
declination being 51 deg. 32 min. equal to 
the latitude of this capital city. 

Note, In this method of working, when 
the hours exceed 24, deduct 24 hours 
therefrom, and you obtain the true time 


fought. 
i op a ey 
<: 
3. A A. C J 


FAQ. | PROBLEM 
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PROBLEM XLIX. a 
To rectify the celeftial globe for any 
-. time in the evening of any day — 
in the year, by the knowledge ) 
of the time when the firft point 
_ of Aries fhall pafs the meridian 
that day. : 


291. As the degrees and hours upon the 
equinoctial line on our new globes, are 
numbered from the firft point of Aries, — 
_. Firft find the right afcenfion of that point 
‘by problem 47, art. 288. for the given day, 
and rectify the globe to your latitude, art. 189, 
then bring the firft point of Aries upon the 
globe, under the graduated fide of the ftrong 
brafs meridian, and fet the horary index to 
the hour and minute of the paflage of Aries 
o, firft found: turn the globe until the given 
hour is under the horary index, and place it 
due north and fouth by the mariner’s com- 
pafs, attending to the variation of the needle, 
and you will have a perfe&t reprefentation 
of the ftarry firmament, not only for that 
inftant, but as long as you pleafe to apply 

yourfelf | 
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yourfelf to the knowledge of the ftars that 

evening, by only moving the globe to any 
other minute under the horary index as the 
time advances. 

Thus on the 2sth of February, A. D. 
1770, about 46 minutes after V. in the 
evening, the ftar called Al-debaran, or the 
Bull’s-eye, will be upon the meridian of © 
London, or places adjacent; about VI o’clock 
that evening, Orion will begin to pafs the 
meridian, and prefent a glorious-view to the 
eyes of the obferver, there being fo many 
eminent {tars in that conftellation, then fuc- 
ceflively pafling over the meridian until 4 
paft VII; all the ftars in Auriga, or the. 
Charioteer, will be pafling the meridian at 
the'fame time ; after which Canis Major will 
fucceed with Syrius, the Dog-ftar, at the fide 
of his jaw; then Canis Minor and Gemini 
or the Twins will follow, and fo on for the 
remainder of the night. This appearance | 
may be obferved feveral months, but at dif- 
ferent’ hours in the night, which may be 
found by this problem. 
 Alfoon the 8th of May in the fame year, 
the firft point of Aries will pafs our meridian 
at 20h. 58 min. 29 fec./ but if we reckon 


Q2- the 


a 
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the hours from midnight, } at 58. minutes, 
pat VIII in the morning, at which time no. 


{tars can be feen; therefore we mutt have 


recourfe to the right afcenfion of the firft. 


point of Libra, which is thus obtained, 


t 


h..min. fec. 
To the right afcenfion of the i 20 68 


firft point of Aries % 
. add TLieg8 luo 
1g 322088) 180) 
When the hours exceed 24, 
fubftraGt therefrom ny Oe. 


GARETT. Sea ES 


point t of Libra, A. D. 1770, 


The right afcenfion of the firft 
8.56 Seg 
May 8th, at 


evening, 


Now in the precept to this problem, read 
Libra inftead of the word Aries, and the 


rule will hold good in this as well as in’ the 
firft cafe. Therefore, 


_ Bring the firft point of Libra to ilies gra- 
duated fide of the ftrong brafs meridian, and 
fet the horary index to 56 minutes paft VIII 
in the evening, turn the globe until the ho- 
rary. index points to ro minutes paft X 


o'clock, and you will find the ftar called. 


Spica Virginis, being that in the-ear of corn 
fhe holds in her hand, a ftar of the firft 
magnitude marked a, upon the meridian at 


that 


29 in the © 
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that time. IF you then look’ at the firma- 
ment, you will fee the conftellations Cancer, 
Leo minor, Leo major, the great Bear, with 
the head and wings of Virgo, on the weftern 
fide of the meridian ; and on the eaftern fide 
thereof, the Ballance, Scorpio, Bootes, Her- 
cules, &c. fuccettively following the firft 
point of Libra in their paflaze over ‘the 
ag ee 


The correfpondence of the fixed 


ftars. 


292. Before we attempt an obfervation of 
this kind, a fignal or warning ftar muft be 
firft obtained; that is, fuch a ftar is to be 
fought, as fhall have the fame or nearly the 
fame quantity, either in degrees or time of 
right afcenfion, reckoned foi the firft point 
of Aries, as the place, over which any other 
{tar fhall then happen to bea correfpondent, 
fhall have of longitude, reckoned eaftward 
of London. 

‘It has been fhewn, that Hate Siar in the 
celeftial, and latitude on the terreftrial globe, 
mean one and the fame thing, both being 
meafured by their diftance from the equator 5 


O3 ; con- 


tig = 
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confequently, if the declination of any. far 


is equal to the: latitude of any place, that 


ftar, by a line conceived to be drawn from 
it to the center of the earth, will defcribe the 


parallel of that place; whence it becomes | 


a correfpondent, not only to that particular 
place, but alfo to all thofe places which lie 
in the fame parallel of latitude, by pafling 


fhew, by the following problems, how to 
find thofe places to which any ftar is a cor- 
refpondent, and thofe ftars which are cor- 
refpondents to any place, ee 


PROBLEM L.. 
To find all thofe places to which any 


{tar is a correfpondent. 


293. Firft find the declination of the ia 


on the celeftial globe by problem V. arty 
and remember whether it be north or fouth, 3 


~~ count the fame number of degrees upon the 


' {trong brafs meridian of the terreftrial globe 
_ the fame way from the equator, and note 


the place by holding the edge of a card 
thereto; turn the globe from alt to weit, 
and 


aint Sanam 


_ perpendicularly over them all once every 24 
hours. But as a preparation, we muft firft 
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and all thofe places which. pafs under that 
point, will’ be correfpondents to that ftar; 
becaufe they will be in the line pafling from 
the center of the earth through the very 
place upon its furface, to which the ftar j is 
at that time vertical. Thus, — 

The declination of the ftar marked y,- in 
_ the head of Draco, is 51, deg. 32 min. equal 
to the latitude of London; therefore. this 
brilliant ftar of the fecond. magnitude. may 
be called, the ftar of this metropolis, without 
being deprived of its own name; it. may 
likewife. take the name of any other place 
in the parallel of London. : 
. The reverfe of this: problem being to 
find all the ftars which are correfpondents 
to any place, is fo eafy as to; réquire no far- 
ther explication, than that of applying fir 
to the terreftrial globe. 
- The apparent diurnal motion of one ftar 
only, will fucceflively fhew its perpendicu- 
larity to various countries, as will appear by 


Q4 A general 
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A ine defeription a ae paflage, 
. of the flar marked y in the anit 
of the conftellation Draco, over 


‘the parallel, of London. i, 


294. This eminent ftar traces the parallel 
of London, and is’a ftar of ‘perpetual appa- 
rition to the inhabitants of* the Britannic 
Ifles; -it comes upon the meridian of London 
with the 268th degree of right afcenfion, 
and is at that time diredtly perpendicular to, 
_or over the heads of, the people in’ this: city, 
two minutes of an hour after its’ warning 
ftar marked k in the milky. vo inas ape 
the meridian. 

Note, This ftar marked k is. tlie Giithiesd 
moft of a group of five ftars, fituated be- 
tween the fhoulder of Serpentarius and So- 
biefki’s fhield, which in the firmament ap- 
pear in the form of a Roman V, as may be 
feen upon the globe. 

_ The declination of our correfpondent flar 
y in the head of Draco, is 51 deg. 32 min. 
equal to the latitude of London; with which 
apply to the terreftrial globe, and bring 
London to the. graduated fide of the ftrong 
' | brais 
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brafs meridian, ‘and’ fet’ the edge of a card 
thereto,‘ holding it~‘to ‘the brafs meridian © 
with: your right hand, while you gradually 
turn the’ globe from weft to ‘eaft with the 
other hand, and that point of the card which 
is upon the globe will then‘ reprefent the 
interfeGtidn “of that line upon the furface of 
the earth, which we have fuppofed to pals 
from the center of the earth to the ftar ; 
and as this point, though at reft, pafles over 
the parallel of Eodor upon, the globe, {fo 
does the central ray, proceeding from the 
{tar, really pafs over every point of land, and 
fea, upon that part of the earth which is 
circum{cribed by the parallel of London. 


Thus you will fee the ftar marked y, in 
the head of Draco, pafs from London over 
the road to Briftol, and dart its perpendi- 
cular rays upon that. city; then croffing the 
fea, it reaches Ireland between Kinfale and 
Cork, and leaving that kingdom, will thine 
over the Atlantic Ocean, until it is perpen- 
dicular to the north cape of Newfoundland; | 
whence it will be vertical to Efkimos, and 
pafs between lake Achona and the northern 
coaft of the gulph of St. Lawrence, then 

it will erofs St. James’s Bay, Kriftino, 8c. 


and 
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and pafs weftward over a vaft {pace of land 
but little known to the Europeans ; thence 
it will leave the weftern coaft of North Ame- 
rica, to fhine upon the northern. part of the 
Pacific Ocean, until it is perpendicular, to . 
feveral iflands, one of which is called St. 
Abraham; it croffes the fouthern land of 
Kamkatfka, and the ifland Sangalien; . 
thence it becomes perpendicular to. the con- 
tinent near Telmen on. the eaft fide of 
Mongales in Chinefe Tartary, and fo .pro- 
ceeds to caft its perpendicular rays over a 
vaft country in Afia, being fometimes a 
zenith point to the Chinefe, at other times 
to the Ruffian Tartars, and pafling over 
Bielgorod, becomes vertical to Mufcovy, Po- | 
land, Germany, and Zeland, and {0 crofles 
the fea again to return to its perpendicu- 
larity over the city of London: all which is 
performed by the earth’s diurnal motion in 
fo fhort a time as twenty-three hours and 
fifty-fix minutes. 


When a beginner has been thus exercifed 
with the general paflage of two or three 
_ principal ftars over their correfpondent pa- 
rallels on different parts of the earth, his 
igs will be fo greatly improved, that maps 

and 
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and charts may then be laid before him with 

ropriety, in order to confirm him in the 
‘eal of the particular parts of thofe 
very parallels, of which he has already at- 
tained a general idea upon the globe. - 


Pere ROB LE MS OI, | 
To find a fignal, or warning ftar; 
that fhall be upon or near the 

meridian of an obferver, at the 
time any known ftar is perpen- 
dicular to any place on its cor- 


refponding parallel. 


295. Bring the given place to the gra~ 
duated fide of the ftrong brafs meridian on 
the terreftrial elobe, and it will cut the de- 
grees of its longitude, reckoned eaftward 
from London, upon the upper row at figures 
- over the equator 5 then 

Apply to the celeftial globe, and fet the 
given ftar under the graduated fide of the 
‘ftrong brafs meridian, which will cut the de- 
gree of its right afcenfion on the equinodiial. 

If the fituation of the obferver is weft | 

of the given place, fubtract the terreftrial 
, longitude 
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| longitude from the right aftenfion’ ‘of thé 
ftar ; if eaft, add the longitude, and move 
the celeftial globe, till the fum‘or refidue 
thereof is under the graduated fide of the 
{trong brafs meridian, and then that fide 
will be directly over thofe. ftars. which are 
upon, or have juft paffed, or are not quite 
come up, to the obferver’s meridian, atthe 
moment the given ftar is vertical to the place 
propofed; either of which. will corre@ly 
anf{wer the prefent purpofe, and become the 
fignal or warning {tar ; that upon its arrival 
on the meridian, will declare the given {tar 
to be vertical to the place affigned. 

Thus let the obferver be in or near Lon- 
don, and the bright ftar in Lyra, or the harp 
of the firft magnitude be given, it is com- 
_ monly called Vega, but it fhould be Waki, 
in the Arabic Nefr Waki, fignifies the {toop- 

- ing or falling Vultur, and marked «: this. 
{tar is correfpondent to the fouth weft cape of 
the ifland of Sardinia in the Mediterranean. 

The longitude of this cape from London 
is 9 degrees, and the right afcenfion of the 
ftar Waki is 277 degrees, as London is 
weit of Sardinia; g degrees fubtracted from 
977 + leaves 268 degrees of right 


afce nfion, 
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afcenfion, to which the celeftial. globe being : 
fet, the graduated fide of the ftrong brafs 
meridian will be found directly, over the flar 
y in Draco, and alfo over a ftar of the fourth 
magnitude in one of the heads of Cerberus. 
-Thefe are eminent fignals, and both upon the > 
meridian, when at the fame time the flar 
marked @, in the knee of Hercules, will have 
pafied the meridian about two minutes of an 
hour, and the ftar marked P, of the fourth 
magnitude in the milky way, will want about 
two minutes of an hour of coming to it. 


Hence when the ftar marked y, in the 
head of Draco, fends forth its perpendicular 
rays upon the city of London; the ftar Waki 
in, Lyra. will alfo be perpendicular, to -the 
S.W. cape of the ifland of Sardinia. At which 
time an obferver at London will be fenfible 
of the diftance between the zenith of the two 


places, and may note the bearing of Sardinia. 20, .2 


from London upon his fenfible horizon, to 
which he may refer at any time in the day. 
An obferver at Sardinia may note the fame 
with refpect to the diftance and bearing of 

London from him. 
To excite {tudents who have an afpiring 
emulation to improve themfelves in this ex- 
tenfive 


* 
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tenfive fcience of geography arid aftronomy, 
the principal requifites whereby they may 
acquire univerfal knowledge, we fhall pro- 
ceed to illuftrate this fyftem of the natural 
agreement between the celeftial and ter+ 
reftrial {pheres, by a few interefting exe 
amples. | } 


ExamMPpre I. 

When the flar marked », in the — 
head of Draco, is perpendicular 
to the city of London, the twelve 
following ftars may be feen from 

| thence at the fame time, when 
© they will alfo be perpendicular to. 
as many places upon the earth. _ 


296. The fignal or warning ftar is y in 


the head of Draco, which comes upon the 


meridian with the 268th degree of right 
afcenfion ; it will be vertical to the city of 
London two minutes of time, after the ftar 
marked k, in the milky way near the equi- 
nox, has pafied the meridian, at which time 
the twelve following ftars will be vertical to 
the places they ftand againft. eet 

Wett 
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Wet of London. 
Decl. 


{and f. ig O07 10 er 
Lat. 


Knee of Hercules |6 137 Caieiagelll On at 
Spain z 
267%|Writt of Hercules |, '302| Frontiers of rae} 
re tig) | rocco and Tar~ ¢|-02 
gua 
Ras alhagus,Ser- w i122 Kingdom ‘Kom- i 
-| - pentarius ¢ be bergrada, Africa / 
198 |Spica Virginis hi Peru,South-America] 79 
175 paca ile B16 |Chapa in Mexico | 93 
191 (Alioth, 1ft in tail ble's be TfleBelchier, Hud- i 
’ Great Bear fon’s Bay .% 


Fatt of London. 


Decl 


Rigt.|. Eaft 
Ageiy** . and oon § 
Lat. | 
277 |Vega, in Lyra w 3825. W. Cape; Het 
of Sardinia 
2g5 |Atair, Eagle’s neck} | 8 |Frontiers of Be- 
: nin and Nigritia, 17 
} Africa 
1290 |Swan’s beak, Al- 27iiMid. Levata in 
bireo sy ‘i Tagua, Africa ¢ sig 
308 ee Swan’s i Mungee 
4343 Sheat, 4 in Pegafus {'27 |Middle of Mo- ?| _ 
gul’s Empire t 75 
{309 Swan’s fouth wing | (332 Frontiers of ‘Tur- 
key in Afia, rat At 
Defert Arabia 
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The ufe of a warning ftar is to point 
out the true time of the phcenomenon, which 
4s to-be fart nearly found by obtaining the 
time of the right afcenfion of that ftar for 
the evening, on which the obfervation’ is 
intended to be made. . | 

This table of correfpondents was formed 
as follows: 

The right afcenfion, and dealiftitidn of 

-y the ftars was found in round numbers’ upon 
the celeftial globe, and written in two co- 
lumns, inclofing the names of the ftars ; 
the columns for the names of the corre- 
fpondent places being left blank for their 
infertion afterwards: \ 

Next, as the longitude on our new ter= 
reftrial globes is numbered both ways from 
the ai nti of London, whatever the right 

~ afcenfion of the fignal ftar may happen to 
be, that point of the celeftial {phere is like- ° 
~wife confidered to be upon the meridian of 
London. Therefore, 

To gain the longitude in the laft column 
of the table, if the given ftars were eaft of 

the fignal, the right aioentiod of the warn- 
ing ftar was fubtracted from the right: deeds 


 fion of the given ftar. ° | 
But 
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But the’ welt longitude was obtained by 
fubtraGting the right; afcenfion of the Abe 
ftars from: that ofthe fignal: : 

The reverfe of this example “is ‘to fia, 
what ftars will be perpendicular to any place 
upon the earth, 4 warning ftar-being known, 
that fhall be! upon the'meridian of an ob- 
ferver, «when ‘the ftars to be fought “thalb be 
Vertical to the places: affigned, ‘which’ the 
reader» will eafily) perform. erie set has 
been already faid. — ik de 

When a ftar is known to be ingen 

cular to any affigned place, its correfpon- 
dence to that terreftrial point may be equally 
affirmed) to ail thofe who can fee it at that 
inftant! from any part of the earth, or fea; 
they may then happen to be upon. 
. Uf-an obferver in Palmyra, another in the 
middle of the Mogul’s empire; a third at 
Levata in Aftica, and a fourth at Chapa i in 
Mexico, fhonld look at the ftar y, in the 
head of Draco, the moment it is in the ze~ 
nith of London, they will fee its corre- 
fpondence to. that metropolis, at one and the 
fame inftant of time 5 their -hour only will 
be different according to the difference of the 
meridians, as thofe places are fituated either 
eaft or weft from London. 


R The 
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‘The: Aignal or watning ftar to. eachiof 
shia, »places,, is, thes perpendicularity of that 


: 


‘ftar exprefied i in the pacheting ins of | 


twelve. {tars... 


From the. sch eect sme ies Pr pa | 


ftars in the catalogue; may, be feen the other 
twelve ftars; when. they are, fhining over the 
heads. of :the inhabitants’ of all) the re 
countries therein named. ot fgpiti9% 

This conftitutes: the feGeii of ifronelie 
cal geography before fpoken of. It affords 


us a real-affiftance from the heavens, :where-. 


by we not only fee! the marvellous diftances 
of a multitude of celeftial bodies, compo- 
fing that part of the univerfe, which we:are 
permitted to behold ‘but it alfo enables us 
to comprehend the diftances and bearings of 
the mioft-remote countries from that pint 
of the earth upon which we ftand. 


EXAMPLE. IL. 


/ 


panagye When the bright ftar marked eg In 

the head ‘of Caftor, is upon ‘the meridian of 
London with the rroth degrde of right’ af- 
cenfion, the twelve following Siescanead 
will be vertical: to the vag. annexed.” 


Weltwatd. 


ae Gitdle’of Ahd#s- | 
" “¥8 |Caffiopea’s thigh qi 
| 27 |Almaak, foot id 


: 
: 


& 
; 
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meda, Mizar... , “6 

. iP. Walesfort, ay) 

4 Hudfon's Bay © ae 

7 \41 Lwightees, S. of 
Lake Michigan ty 


‘Andromeda ~ 


‘| 42: Shoulder of Perfeus| 52 |Efkimos: between 


L. Otter and L. 63 
Pitetibi, “North | : 
_ America 


47 |Algenib, Perfeus’s a {49 |Cape Rifher, G. 


> ede ty St. Lawrence 3 
76 |Rigel, Orion’s ae | g|Sea and Coatt of t 
i Ce Olinda. .. 34 


. ee eee 


_Eaftward. 
Riet.b. ae * >. | Decker | ; Eaft 
Sr ae ee and \Lon, 


Lat. | / 
| 132/Great Bear's foot x 47\Middle of Hungary | 22 


139 Hydra’s heart, |a| 8\Kingdom Mafiey, t 29° : 
. > Arica: 


iS fF the : | | 
M3 aed 2 saris €|25 Nahaia, in Egypt 33 


ee 49 Regulus, Lyon’s a 113 Abyfinia, Africa 39. 


heart 
176)Third in the Sq. ? \Oftiakis, S.W. part } 66 
‘ Great Bear of Siberia | 
192|N. wing of Virgo, ial aS 2° BE. of Pon- U! 
Vindematrix e171 dicherry hy 


Thefe ftars are vifible in the months of 
pea: February, and March. 
R 2 EXAMPLE 
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ExAMPLE Td. 


ab. When the bright ftar marked @ in. 
the ear of corn, which the Virgin holds in 


her hand, called Spica Virginis, is upon.the 


meridian of London with 198 degrees of 
right afcenfion, ‘the following twelve ftars 
will be vertical. to the feveral: places: in the - 
following une ee 


5 


"Bp fess 
90|Firft ftar inthe foot ‘Woes of Tres Ma- 
of Caftor n\223 rias, New Spain i, 
113 Head of Pollux p29 Sea near C. Ef- ge 
condid ‘Florida 5 : 


4 139 Hydra’s iia 72) Yamari, a branch 


a of the Amazo- 61 | 
ae ~~ | nan River 
'149,Re as, TH on’s 13 |Seai2°E, of the 
| ig Ke : Ye 3 Antilles at 49 
1 i. yon’s pity Alafad 16 |Near Bonavifta, 

79 ; é C: Verd Ifles t 33 

‘191 Pirtt j in tail Great Weftern Ifles of RI 
; & Bear, Alioth — €}57 ‘Scotland 7% 


- 


Battward. 
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Eaftward. © 


ae | 
& N, Hand of Bootes | 


PF 12 S. of Beilin, #3 
{ote |) ¢Praffia ss 

243 Scorpion’ $ heat! ‘le 25 S: Coaft-of Ma- t 
| | + dagafcar 

249 In ithe Back of w |39|S. Raltof aunt 
Hercules pian Sea 


(277\Vega, in Lyra fa 39 Coten, in Tartary 
:299/Albiero,theSwan’s g| Toudfang, in ; 
| beak ¢|P 2 Thibet major 


294) Acai, 3 in the Eagle | e 1g Eaftern Sea, et 


‘Coaft of Ma- 


' lacca 


This phenomenon may be feen in the 
son of April, May, and June. 


Examrie ive | rf 


299. When. the Both is of right | 


afcenfion is upon the meridian of, London, 


fignified by one minute of an, hour after the | 


ftar marked ¢ in the fouthern wing of the, 


Eagle has pafled the meridian, ‘then the’ 
twelve following places will have the an= 
nexed {tars in the zenith. - 


R 3 Weltward. 
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Weftward. : 
Rigt. Decl Wett 
A{c. and Lon. 
Lat. te 
206|The ftar inthe leg Sea 2° S, Cape? ..« 
of Bootes» t siae Capen, Canae Ra 
19 Southern Scale of pe| Colao, in Pert} 70° 
Libra t a| 4 ee 
226\Northern Scale of 3 {miacoatiasBamdia car 63° 
“| Libra p 


236 A ftar-in Scorpio: | 7425 
240\Hand of Serpentarius| $ | 3 
| 267\Knee of Hercules 9 137; 


Paraguay, Ainedgid Pease | 

N.W. partof Brazil} 49° 

N, of St. Michael , 
in n the Azores 


22 


us ) = dete 


Rigt. ~.  -yetey | Decl. ~ot: Batt 
Ate. and]. Lon. 
Lat. 


321|Side of Cepheus fe '70|Fro. Sea near Ifle 
; Wardus,Laponia f 
3 28\Shoulder of Aquarius] «| 1|Between Sio: and 
His Ampaia, Zan-$| 39 


“se guebar 
33:\Firft in the head 2} ¢ |56/Ruffia, 4° E. of : 
of Cepheus © c , Mofcow 42 
343 Markab i in Pegafus | « |27|Sea Coaft in Per- }) 
fian Gulph | 54 | 


359|Andromeda’s head | S 27{Tala Mogul” sempire | 70 | 
-360jA ftar in err: 7 |14|3¢a near fle ie ~ 
dinas 


Thefe ftars may be seve in thé months 
of ae Auguft, and September. ! 


EXAMPLE 
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Examprn: V. 
| 300. “When the far Tharked she the fe 
of the Whale is upon the meridian of Lon-, 
don, with 18 degrees' of right a(cenfion, the 
twelve following ftars’ will be in the zenith) 


of the annexed aed: 2 duo ie 
brio Pigsca.cW 4 | Welln oe 
Riot. Re er ry Deck rg 
ALC oc} teed and fF T+ rt 
tng ~ t Lat. Ur, 


/2960|The Swan’ $ ob ta i238 ulph Moxi¢o, 3° ¢ 


S. Mififippi., 


294|Firft in the Swan’s ray Lake Michigaie 
8 Dente h . N a Bgl ad 
'308|Deneb, -in - the. 7 |New En ang 
Swan's rump ~ ¢| *\4+ Pt 
324|Side of Cepheus ie 8 79 Ciinbertantt near 
t Baffin’s Bay 
331) Head of ees é 56 N. Sea, E. of La- 
4 » brador 


341|Fomahaut, mouth \Middle of the At- 
of Piices Notius @ 13 lantic Ocean 


a tee 
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Eaftward. 


27 \Almaak, foot of 
“| Andromeda 
2 {Shoulder of Perfeus| 52 Brifac Luthania | 24d 
'2 |\Menkar, Whale’s 7 | 3 Bake Bake, Africa 25 
mouth 
The Pleiades 


(sea coaft of Sardinia te 


2 23 Frontiers of Epypt > 
and Nubia ; 
North footof Pollux] > |16. ‘Golconda, Afia — f. 
Procyon, little Dog} '6Sea 1° N. W. A-7t 

Reis Samae 5 


, 1 APMC ymin stalin pte 


The ftars in this example may be feat 
in the months of : October, November, and 
December. 


ov 


Pp ROB L E M Lh 
The + pheenomena as the avel 


moon. — 


301. When the moon is at or near the 
full, about the time of an autumnal equinox, 
the rifes nearly < at the fame hour for feveral _ 
nights together: this phcenomenon is called 
the harveft-moon. 

To account for this upon the celeftial 
globe, {et the artificial fun upon the firft 
point 
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point)of Libra; where ‘the fun muft. necef 
farily be at every autumnal ‘equinox, vand: 
place the- artificial. moon ‘upon therfir{t point 
of, Aries, where fhe, muft'be; if a full: moon 
fhould happen} at that time. . agi 

Re&tify the globe to the pofition of a sight 
phere, att. 214. which anfwers to the inha- 
bitants of the. equator ; bring the center of 
the’ artificial fun“to the weftern: edge ‘of the’ 
broad paper circle, and the horary i inde in 
this cafe” being -the ‘graduated edge of the. 
ftrong brafs metidian, will cut'the time of 
‘the fun’s fetting, and the moon’s rifing 3) 
hence it is:obvious the moon will rife when: 
the fun fets, which will -be at VI o’clock, be~ 
caufe they.'are both fuppofed to be in the: 
celeftial equator; but- in’ oppofite’ figns. 
_ Therefore) on that day the fame phesnome- 
non will happen in all latitudes between 
the equator and’ either pole. 

‘Bat as the’ moon’s motion in: her ‘orbit,’ 
which we fhall at prefent confider as coin-' 
cident with the ecliptic, is about 13 deg. 
Io min. every day, which retards her diar- 
nal motion ‘about 51 min. 56 fec. of time. 
with refpect to the firft point of Aries, this’ 
daily difference ag it relates to the fun is: 

generally 


aso Défiriptiomand Ufe.of the - 


generally reckoned :at -48' minutes. arial 
or two: minutes for every hours 2: 9) wit 
_ Let us. now enquire upon'the globe, ove 
time:the moon will rife:the! next night after 
the autumnal equinox, at which‘ time ‘the! 
fun will have advanced one degrees in Libra, 
and the moon.13, deg. 10 min.:if Aries;! 
which is. 12) degrees more than:the {un;has! 
done in the fame time: therefore: places the: 
center of the artificial {un upon the firft des! 
gree of Libra, and the attificial! moon om 
¥3 deg. 10min. of Aries; the globe being! 
rectified as,before to the pofition of a right: 
{phere, bring. the artificial fun .under the 
graduated fide, of the {trong brafs meridian, 
and fet the. horary, index to XII, turn the 
globe until. the, artificial fun. coincides, with 
the weftern fide of the broad paper circle, 
the. horary index will. thew he {ets that 
evening at VI o'clock, and the globe being: 
turned till the artificial moon. coincides, with 
the eaftern fide of the broad paper circle, 
the horary, index will fhew the’ moon's rifing 
that evening to be about 48 minutes paft 
VI o'clock, with, 5, degrees of amplitude: 
northerly, as fhe.is now entered, into the 
northern half of the. ecliptic. dint 
Now 


~ 
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Now elevate the noith pole of the: globe’ 
to the latitude of? London,’ every other tec~" 
tification: ‘remaining the fame, and bring the 
artificial mooit fo the aft ‘fide’ of’ Lhe ‘ho 
rizon, and. the horary’ index will pot to’ 
20 minutes paft VI, her time of rifing; and’ 
her amplitude at that time will be about 8 
degrees, three’ degrees more than at’ ‘the | 
equator the fame evenings =! 90 > 

Tf we thus inveftigate the time ‘of the 
moon’s rifing for two or three’ nights to- 
gether before and- after’ the autumnal full 
moon, it will be-found nearly the fame. 

~ The reafon i iss that the full moons which | 
happen at this time of the year, are afcend- 
ing from’ thé fouthern into the northern 
figns of the zodiac : whence the moon de- 
fcribes a parallel to the equator every night 
more northerly, which increafes her rifing 
amplitudes confiderably, and more fo'as the 
latitude is greater, as in the prefent ex- 
ample; hence it is plain, that the nearer any 
celeftial objects is to’ either pole, the fooner 
it afcends the horizon. 
| Every thing remaining as before, if we 
elevate the north pole of the globe to 664 
degrees, which is the latitude bf the northern 

polar 
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polar circle, and bring the artificial moon to 


the eaft fide of the horizon, .fhe will be- 


found to rife about the fame time that. the 


fun fets the evening after the autumnal full . 
moon, which is about VI o'clock, at-which. 


time and place her: pemeueee will be about 
13 degrees. 


In this pofition “ the pe if the. ae | 


cial moon be removed 13 deg. 10 min, upon 


the ecliptic, which is: her mean motion — 
therein for one day, and fo on for fourteen. 
nights together, fhe will, be feen to rife. 


pho Pi the {pace of one hour during that 


time, which will be clear on ie that 


_ half the ecliptic rifes at once. 


It is remarkable that when the moon ae. 
ries leaft in the time of. her rifing, the dis, - 
urnal differences are erent at the times. 


of her fetting. 


What has been faid with refpe@ to sérth 
latitudes is equally applicable to touth lati- 

tudes. . 

In like manner the new moons in {oiie 
rife nearly at the fame hour for feveral 
nights fucceflively, while the full moons 
rife later by a greater difference than at any 
other time of the year, becaufe at this time 

, of 
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of the year ‘the new moons are in the af. . 
: cending, and the full moons in the deftend- 
ing figns. ; " 

This phcenomenon varies in different 
‘years: the moon’s orbit being inclined to 
_ the’ecliptic about § degrees, and the line of | 
nodes continually ‘moving retrograde, the 
inclination of her orbit to the equator will 
‘be greater fometimes than at others, which 
prevents her haftening to the northward or 
defcending fouthward ” in each revolution 
with os a pace. 


‘PROBLEM Lt 


To find the time .of the year in 
which a ftar rifes or fets cofmi- 
cally or achronically. © . 


302. The cofmical rifing and fetting of a 
ftar, is when a ftar rifes: with the fun, or {ets _ 
_ at the time the fun is rifing. | 

The achronical rifing or fetting of a ftar, 
is when ‘a ftar rifes or {ets at the timesthe. 
fun is fetting. chan 

Elevate the pole’of ne celeftial - liber to 


the latitude of the place, and bring the ftar: - 
tod WV | to 
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to the eaftern edge of the broad paper circle; 
and obferve what degree: of the ecliptic rifes 
with it, which feek in the kalendar on .the 
broad paper circle, again{t which is the day of 
the month whereon that ftar rifes cofmically, 
Turn the globe till the ftar coincides with 
the weftern edge of the. horizon, and that 
degree of the ecliptic which is cut, by the 
eaftern fide, gives the day of the ‘month 
when the ftar fets cofmically ; fo likewife 
againft the degree which fets with the ftar 
"you have the day of the month of its achro- 
nical fetting, and if you bring it to the 
eaftern fide of the horizon; that; degree of 
the ecliptic then cut by the weftern fide of 
the broad. paper citcle fought in the ka- 
lendar, will thew the day of the month 
when the ftar rifes achronically. 


; 5 


PROBLEM LIV,. 


To find the time of the hiciaest 
rifing and fetting of a ftar. te 


303 Wahion a fat is fart vifible in rae 
morning, after having been fo near the fan 
as to be hid by the fplendor of its ico it is 


faid to. rife ‘heliacally. 
When 
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* When acttar’is? immerfed inthe: evening, 
or sodbhciahat the fan's. S rays; it is ay to fet he- 
liacally. Muro 6 
~© Elevate the pole of the celeftar’ slob to 
the Jatitude of thé place, bring ‘the fiar-to 
“the eaftérn fide’ of ‘the ‘broad’ ‘paper circle, ° 
fix the quadrant of altitude tothe zenith; 
and apply its graduated edge tothe weftern 
fide jin’ {ich ‘a ‘fwanner thar its rath degree 
above the horizonmay cut the ecliptic, “thé 
point oppofite: to this will be “12 degrees 
below the broad paper circle on the eaftern: 
fide, and is the fun’s place in the ecliptic 
at the time a? ftar of the firft: magnitude 
rifes heliacally ; feek: thisopoint in ‘the ka- 
: lendar, or upon. the ecliptic line on: the 
globe, againft which you will find the day 
of the year when that ftar rifes heliacally. 


' To find the heliacal fetting, bring the tat 
to the weftern fide of the horizon, fe turn 
the quadrant of ‘altitude on the eaftern ‘fide, 
till the rath degree cuts the ecliptic; its’ op- 
pofite point is the fun’s place, which fought 
either ‘upon the kalendar or’ ecliptic line; 

gives the day of the spac when the ftar fets 

mea id Dod 


Stars 


fr? §\ | Splive 
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» Stars of the firft magnitude, al to 
Ptolemy; rife or :fet heliacally;:-when’ they. 


are 12 degrees diftant from the fun: that is, 


when the {tar is rifing; the fun muft be de- 
preffed in the perpendicular; below. the hori 
zon 12 degrees, that the ftar may be far 
enough from the fun’s rays to be feen. bes 
fore he rifess ¥ 
Stars of. the fecond. magnitude rotpulst 
the fun’s deprefiion thirteen degrees; and 


_ thofe of the third magnitudes fourteen de- 


grees, &e. 


The manazil al kamer of is Ara- 
bian aftronomers, * from Ulugh 


_ Beigh , publiflied at Oxford Bas. 


304. The manazil al desea of the Arras 


bian aftronomers, are XXVIII, they, are fo 


called, 1, e. the manfions of the.moon, ‘bes 
caufe they obferved.the..moon: to. be in.or 
near one of thefe. every. night-during her. 
monthly courfe-round. the, earth: they,sare 
thefe that follow,.to which upon the globe 


the Arabian characters, are.affixed, but omit- 


ted here for the want of an Arabian type... 
| I; Al 


2s See the Rev, Mr. Coftard’s Hiftory of Aftronomy yp. 1ge 
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I, Al Sheratdn, thefe are the firft and fe- 


cond ftars of Aries, or the ftars in the 
-Ram’s horns, marked @.and y, with I, ¢, 
* fignifying the firft manfion of the moon, 

which the reader will pleafe to remember 
- once for all. 


II, Botein, the Gare in the Ram’ S belly at 

_ cording to Ulugh Beigh, by Bayer and on 
our globe « and. p. 

Ill, A Thuraiya, the Pleiades. 

IV. Al Debardn, the Bull’s eyé. 


2« V. Al Heb’a, the three ftars in the head of 
Orion.” 


2,¢« V1. Al Hen’ab, the fear niarked £ in the left 
foot of Pollux. 


VIL. A Dira, the two bright ftars, one in 
the head of Catftor, the other in. Pollux, 
| marked oe and B. 


Vill. Al Nethrab, the nebula, or group of © 


{tars in Cancer, marked « called by the 
Greeks alu, i.e. Preefepe; 


IX. Al T. erphaky the Lyon’s eye marked ,. 
Bane hoo eee ae 


sd eect dd 


corp Jarl 


Lae ei 


wl a dS 


vats] | 
¥2ag SI 
élradt 
sprit 


¥3-b/| 
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ggaa fl X« Al Geb’ha, the ftar in, fhe sae mane 
_marked 4, 


ipsa XI. Al Zub’rab, the ftars in the Peet 8 rump | 
: mnatked d and 6, 


Ey, etl antes Gal SO pee the tidhai s tail mia s hi 
called Deneb al afad. 


Ls S| SENT. Al Awwa, they are four fare in 1 Virgo 
_ marked » 3 6 y». : 


Spas Slaw XIV. Simak al Azal, the. Meigs pike 


marked a. | 


ea st XV. Al Gaphr, three. ftars in the fkirt ing 
the robe of Virgo marked @1 x, > 


XVI. Al Zubdna, that is Libra, the northern 

Alews| #ily feale is called Zubdnab. Al Shemali, and. 
| is the ftar marked @, the fouthern fcale 
ee ist( ssli-marked «, is called Zubdnab al Genubi, 
ean . Shemali fignifies northern, and Genubi 
fouthern, they are exactly mifcalled on 


, the common globes of modern conftrusy , 
', tion. | 


fawkre ttn /XVIL. Al-Iclil, thefe are the four flars i in 
ition Ax sG@le Scorpio, marked » 8 9 yy 


’ —— 


XVI. a 
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XVIII. A Kalb, the {corpion’ s heart marked 


a sil 


#, more fully Kalbalakrab; the word anpybs * 


_ Adatares, if it is not a corruption, has; no 


fignification, and is therefore omitted. Zntovy om 4 la 


XIX. A Shatlah, the Scorpion’ s tail, or the 
ftar marked a. The word Lefath we have 
omitted, being another pronunciation of 


Léab; the true name is Shaulab: 


KX. Al Néaim, hate aie ahi ftars in Sa- 
gittary, marked y 0s AX wo Od; 
Ulugh Beigh makes them only three, 

oi, eyo vb. : 


XXI. Al Beldab, this is that part of the 

_ Horfe in Sagittary, where there are no 
ftars drawn, and if there be any in that 
part of the heavens, it is thought they 
are ohily telefcopic ftars. — 


XXII. Sad Al Débib, three ftars in Capri- 


corn, marked «@ @ ». 


XXIII Sad Al a ae flars Sinak alll yin 
- the hand of Aquarius. 


XXIV. Sad Al Suid, the ftars marked CRG |p 


and ¢ in Aquarius. 
3 as XXV. Sad 


sleet 


$a 55 


a 


) 
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wo aes Sad Al we three Pe, in 1“ 
quarius marked é 0 | 


eAL> 


oisie ({ ue sXXVE Al Pherg al Mikbdlen, the ftars 
marked « and @ in Pegafus, — 


py Soll é pall XXVIL # Pherg al Muacchir, thefe até 
two ftars, one in the head of Andromeda, 

~ marked 3, the other in the wing. of Pe- 
gafus, marked Bare 


hes, f{ XXVIII. Al Rifhd, the fat marked a in 
the girdle of Andromeda. 


This is a divifion of tid heavens, ” aif. 
ferent from any thing the Greeks were ac-. 
quainted with, and therefore was not bors 
rowed from them. , 


PROBLEM LY. 
To find a meridian line. ne 


305. Bring the fun’s place in the ecliptic 
on the celeftial globe, to the graduated fide 
of the {trong brafs meridian, and fet the 
horary index to that XII, which is moft 
eleyated; turn the globe, till the ftar mark-. 
ed y in hee hip, is under the ora 
| ~~ duated 
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 duated fide of the ftrong brafs meridian, 


with about 11 degrees of right aicenfion; at | 
which time the'polar‘ftar, in the extremity 


of the tail of the little bear, will be above 
the pole, and upon the meridian alfo. If 


you find in this application of the globe, 


that the horary index points to any hour of 
the day, when the globe is rectified to the 
latitude of ‘your fituation, turn the globe 


again, till the ftar marked », called Ahoth, 


being the firft in the tail of the great Bear, 
is under the graduated fide’ of the ftrong 
brafs meridian, and then the polar ftar will 
likewife be upon the meridian, with about 


191 degrees of right afcenfion, but under 


the north pole, and the horary index will 
point out the time of the-night, when this 
pheenomenon is to happen, before which 
you are to have the following apparatus 
properly prepared, that you may be ready 


to attend the obfervation, that Pi: to find 


your meridian line. 


 Sufpend two plumb lines, ai let their 
weights be immerfed in water, to prevent 
their vibrating, but in fuch a manner that 
the ftring of one of them may be direlly 
aa the polar ftar and the ftring of the 
S 3 other. 
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other. After .,this adjuftment of the two, 
firings, if they remain untouched till the 
next day at noon, a. meridian line may be. 
obtained at any window in the houfe which 
has a fouthern afpect, by fufpending lines 
as above from the ceiling; that next the 
window may be fixed, but the other fhould 
be moveable i in a direétion nearly, eaft and 
weit, the weights of thefe ought alfo to be 
immerfed in water; then, if two perfons 
attend a little before noon on the next day, 
one of them at the two firft plumb lines 
which were adjufted to the polar flar, and 
the other at the two plumb lines in the 
houfe which are then to be adjufted, each 
of them holding a fheet of white paper in 
their hands, to receive. the fhadow of the 
two ftrings caft thereon by the fun; the 
firft.obferver is to give a fignal to the fecond 
of the inftant the two fhadows on his paper 
are united in one and the fame line, at 
which time the fun will be precifely upon 
the meridian. The other obferyer in the 
houfe is likewife to attend with diligence, 
and as the fun is coming nearer and nearer 
to the meridian, he is conftantly to remove 
his Rory plumb line, and keep the tha- 


dows 
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dows of his two ftrings always united in’ 
one diftinét fhadow, that his obfervation— 
may be compleat, when his affiftant gives 
the definitive fignal. 

If this be) repeated four or five times, a 
very accurate meridian line may be obtain- 


ed, and may be drawn on the window, | 


ithe floor, or a pavement, by their fhadow 
when united -by the fun’s rays, and the 
plumb lines may be occafionally fufpended 
‘from two fixed hooks, when you’ chufe to 
-obferve the seid OF the ftars’a-crofs the 
meridian. 

’ For the ufe of the curious it will not be 
improper to obferve, that the late Dr. 
Bradley found that the diftance of the ftar. 
marked « at the extremity of the tail of the 
little Bear, from the polar point, was 2 deg. 
t min. 39 fec. on the firt day of January, 
A. D. 1751, old ftile; at the — time its 
tight afcenfion was 10°45! 16” equal td 
43 min. 1 fece of time; and as the right 


afcenfion increafes 1 min. 16 fec. every ten — 


years, its right afcenfion may be obtained 
for any fucceeding year; and having the 
fun’s right afcenfion in time alfo, fubtract 


athe laft from the firft; by adding 24 hours - 


5 4 to, 
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to the right afcenfion of the pole ftar when 
it is lefs than the fun’s, the remainder will 
be the time of the ftar’s coming to the me- 
ridian. 

Then, as before, hang up. two aac 
lines, between your eye and the polar ftar. 


PROBLEM LVL | 
Of the equation of time.” 


306. As time. flows vith great rit: 
rity, it is impoffible to. meafure it accurate- 
ly, and compare its feveral intervals with 
each other, but by the motion of fome of 
the heavenly bodies, whofe progrefs is as 
uniform and regular as itielf. 


Ancient aftronomers looked upon the fun 


to be fufficiently regular for this purpofe; 


but by the accurate obfervations of later 
aftronomers, it. is found that neither the 


days, nor eyen the hours, 4s meafured by 


the fun’s apparent motion, are of an equal 
length on two accounts. 
1ft, A natural or folar day. of 24 hours, 
is that {pace of time the fun takes up in 
pafling from any particular meridian to the 
fame again 5 and one revolution of the earth, 
with — 


~ 
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with refpect to a fixed ftar, is performed in 
23 hours,’ 56 minutes, 4 feconds; there~ | 
fore the unequal progreflion of the earth 
throughly her elliptical orbit, (as the takes al- 
moft eight days more to run through the 
northern half of the ecliptic, than fhe does 
to pafs through the fouthern) is the reafon 
that the length of the day is not exactly 
equal to the time in which the earth per- 
_ forms its rotation about its axis. ; 
adly, From the obliquity of the ecliptic 
to the equator, on which laft. we meafure 
time; and as equal portions of one do not | 
correfpond to equal portions of the other, 
the apparent motion of the fun would not 
be uniform; or, in other words, thofe points 
of the equator which come to'the meridian, — 
with the place of the fun on different days, 
would not be at equal diftances from each 
other. 
This laft is eafily feen upon the globe, 
by bringing every tenth degree of the eclip- 
' tic to the graduated fide of the {trong brafs 
meridian, and you will find that Baht tenth 
degree on the equator will not come thither 
with it, but in the following order from ¥ 
to %, every tenth degree of the ecliptic 
| comes 
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comes fooner to the! ftrong brafs meridian 
than their correfponding. roths on the equa- 
tor; thofe in the -fecond quadrant of the 
ecliptic, from > to “, come later, from 
to vs fooner, and from vs to Aries later, 
whilft thofe at the beginning of each qua- 
drant come to the meridian at the fame 
‘time; therefore the fun and’ clock wen 
| be equal at thefe four times, if the fun was 
not longer in pafling through one half of 
the ecliptic than the other, and the two 
inequalities joined together, compofe that 
difference which is called, the equation of 
time. . 
Thefe caufes are independent of each 
other, ‘{ometimes. they agree, and at other 
times are contrary to one another, * 
The time marked out by -an. vinifiéne 
motion, is called true time, and that fhewna 
by the fun, is called apparent or folar time, 
and their difference is the equation of time. 


We 


Celeftial and Terreftrial Globes, 267 


We now proceed to fhew, how 
the terreftrial: globe will ' reprefent 
the real phoenomena relating to the 
earth, when adtually compared with 
the refulgent rays emitted from the 
great {phere of day. 


307. The meridianson our new ter- | 
reftrial globes, being fecondaries to the equa- 
tor, are alfo hourrcircles, and are marked 
as fuch with roman figures under the equa- 
tor, and at the polar circles. But obferve, 
there is a difference in the figures placed 
to the fame hour circle; if it cuts the Id 
hour upon the polar circles, it will cut the 
1Xth hour upon the equator, which is fix 
hours later, and fo of all the reft. 

Through the great Pacific Sea, and the 
interfection of Libra, is drawn a broad me- | 
ridian from pole to pole, it paffes through 
the XIIth hour upon the equator, and the 
‘Vith hour upon each of the polar circles ; 
this hour circle is graduated into degrees 
and parts, and numbered from the equator 
towards either pole. 


There 
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There is another broad meridian pafling 
through the Pacific Seay at the IXth hour 
upon the equator, and the|IIId hour upon 
each polar circle; this contains only one 
quadrant, or go degrees, the numbers an- 
nexed to it begin at the northern polar circle, 
and end at the tropic of Capricorn. 


Here we mutt likewife obferve, there 
are 23 concentric circles drawn upon the 
terreftrial globe within the northern and 
fouthern polar circles, which for the future 
we fhall call polar parallels; they are placed 
at the diftance of one degree from each 
other, and reprefent the parallels of the fun’s ’ 
declination, but-in a different manner from 
the 47 parallels between the tropics. | 

The following problems require the globe 
to be placed upon a plane that is level, or 
truly horizontal, which is eafily attained, 
if the floor, pavement, gravel-walk in the 
garden, &c. fhould not happen to be ho- 
-rizontal. i 

“A flat feafoned board, or any box Sully 
is about two feet broad, or two feet’ {quare, 
if the top be perfectly flat, will anfwer the 
purpofe, the uppér furface of either may 
_ be fet Siti horizontal, by the help of “a 
pocket 
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pocket ;fpirit level, or plumb rule, if you. 
raife or deprefs this or that fide by a wedge 
or two, as the fpirit level fhall direct; if 
you. have a..meridian. line drawn on the 
place over, which you conftitute this hori- 
zontal plane, it may be readily transferred 
from thence to the furface juft levelled ; this 
being done, we are prepared. for the folu- 
tion of the. following Saini wit 


PROBLEM LVL. 

To obferve the fuh’s altitude by 
the terreftrial globe, when he 

_.fhines bright, or when he. can 


but. Jutt be difcerned through a 
cloud. | 


308. Confider the fhade of neared iponeiiy | 
which is. that caufed by the, {phericity -of 
the globe, heretofore called the edge of the 
earth’s enlightened difc, and there repre- 
fented by the broad paper circle, but here 
_ realized by the natural light of the fun 
itfelf. 

Elevate the north pole of the globe to 
66% degrees, bring that meridian or hour 

circle, 
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circle, which paffes through the IXth houf 
upon the equator, under the graduated fide 
of the ftrong brafs meridian, the globe 
being now ‘fet upon the: horizontal plane 3 
turn it about thereon, frame and all, that 
the fhadow of the ftrong brafs meridian 
may fall directly under itfelf; or in other 
words, that the fhade of its graduated face 
may fall exaétly upon the aforefaid hour 
citcle; at that inftant the fhade of extu< 
berancy will touch the true degree of the 
fun’s altitude upon that aicHidials which’ 
-paffles through the TXth hour upon the 
equator, reckoned from the polar circle, 
the moft elevated part of which will then 
be in the zenith of the place where this 
Operation is petformed, and is the fame 
whether it fhould happen to be ers in 
north or fouth latitude. . 


Thus we may, in an éafy and natural 
manner, obtain the altitude of the fun, at 
dny time of the day, by the terreftrial globe ; 
for it is very plain, when the fun fifes, he 
brufhes the zenith and nadir of the ‘globe 
by his rays; and as he always illuminates 
half of it, (or a few minutes more, as his 
globe i is confiderably larger than that of the 

, — 
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earth) therefore when the fun is rifen a |. 
degree higher, he muft neceffarily illuminate 
a degree beyond the zenith, ‘and, fo on ue 
portionably from time to time. 

. But as’ the illuminated’ part is. fotiiewhat. 
more 'than half, deduct 13 minutes: from ‘the 
fhade of extuberancy; and you have the’ fan's S 
altitude with tolerable exactneis. | 

If you. have any doubt’ how far’ the 
fhade of.-extuberancy exactly reaches, hold 
a pin, or your finger, on the globe, between 
the fun and point in difpute, and owhere 
the fhade of eee is loft, will be the point 
fought. | . Ce er 


When the bs does not thine bright 
enough to caft a fhadow. 


_ 309. ‘Turn the meridian of the globe,to- 
ward the fun, as before, or dined it fo 
that it may lie in the fame plane with it, 
' which may be done if you have but the 
leaft glimpfe of the fun through a cloud; 
hold. a firing in both hands, it having firft 
, been put between the ftrong brafs meridian 
and the globe: ftretch it-at right angles to 
the meridian, and apply your sfaconniearti 
the 


a 
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the globe, moving your eye lower and. 
Jower, till you can but juft fee the: fun: 
then bring the ftring, held as before; to this 
point upon the globe; that it may juft ob= 
feure the fun from your fight, and the de- 
gree on the aforefaid hour circle, which the: 
firing then lies upon; will be the fun’s alti- 
tude required, for his rays would fhew the: 


fame point if he fhone out bright. 


Note, The moon’s altitude may be ob- 
ferved by either of thefe methods; and the 


: altitude of any ftar by the laft of them. 


PROBLEM LVM 
To place the terreftrial globe in the © 


fun’s rays, that it may reprefent 
the natural pofition of the earth; 
either by a meridian line; or with 


2 


out it. 


gto. If you have a meridian Lines fet the 


_ north and fouth points of the broad paper 


circle dire@ly over it, the riorth pole of the . 
globe being elevated to the latitude of the 
place, and Randing upon a level plane, bring 
the place you are-in under the graduated 

fide 
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fide of the ftrong brafs meridian, then the 
poles and. parallel circles upon the globe 
will, without fenfible error, correfpond with 
thofe in the heavens, and each point, king- 
dom, and ftate, will be turned towards the 
_feal one which it reprefents. 

If you have no meridian line, then the 
day of the month being known, find the 
fun’s declination as before inftructed, which 
will direct you to the parallel of the day, 
amoneft the polar parallels, reckoned: from 
either pole towards the polar circle ;- which 
you are to remember. 

Set the globe upon your horizontal plane — 
in the fun-fhine, and put it nearly north 
and fouth by the mariner’s compafs, it being 
firft elevated to the latitude of the place, 
and the place itfelf brought under the gra- 
duated fide of the ftrong brafs meridian: 
then move the frame and globe together, 
till the fhade of extuberancy, or term of 
illumination, juft touches the polar paral- 
lel for the day, and the globe will be fettled — 
as before; and if accurately performed, 
the variation of the magnetical needle will 
- be fhewn by the degree to which it points 
- in the compafs box. | | 
T And 
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And here obferve, if the parallel for the 
day fhould not happen to fall orf any one 
of thofe drawn upon the globe, you are to 
eftimate a proportionable part between them, 
and reckon that, the parallel of the day. 


If we had drawn more, the globe would } 


have been confufed. 

_. The reafon of this operation is, that as 
) the fun illuminates half the globe, the -(hade 
of extuberancy will conftantly be go des 


grees from the point wherein the fun is 


vertical. 


If the fun. be in the equator, the thade 


and illumination muft terminate in the poles 


ef the world; and when he is in any other 


diurnal parallel, the terms of illumination 
muft fall fhort of, or go beyond either pole, 
as many degrees as the parallel which the 
fun defcribes that day, is diftant from the 
equator; therefore when the fhade of ex- 
tuberancy touches the polar parallel for the 
day, the artificial globe will be in the fame 
pofition, with reipect to. the fun, as the 
earth really is, and will be nese in 
the fame manner. 


PROBLEM 
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PROBLEM § LIX. 
To find naturally the fun’s decli- 
nation, diurnal parallel, and his 
place thereon. © | 


311% The globe being fet upon an hori- 
zontal plane, and adjufted by a meridian 
line or otherwife, obferve upon which or 
between which polar parallel the term of 
illumination falls; its diftance from the pole 
is the degree of the fun’s declination: reckon 
this diftance from the equator among the 
larger parallels, and) you have the parallel 
which the fun defcribes that day ; ; upon which 
if you move a card, cut in the form of a 
double fquare, until its fhadow falls under Y. 
itfelf, you will obtain the very place upon 
that parallel over which the fun is vertical 
at any hour of that day, if you fet the place 
you are in under the graduated fide of the 
-ftrong brafs meridian. ‘ 
~ Note, The moon’s declination, diurnal 
parallel and place, may be found in the fame 
manner. Likewife when the fun does not 
fhine bright, his declination, &c. may be 
found by an application in the manner of 


problem 57. : 
eg PROBLEM 
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PROBLEM LX. 
To find the fun’s azimuth naturally. 


312. If a great circle at right angles to 
the horizon pafles through the zenith and 
nadir, and alfo through the fun’s center, its 
diftance from the meridian in the rhorning 
or evening of any day, reckoned upon the 
degrees on the inner edge of the broad 


paper circle, will give the azimuth re- , 


quired. 
Metruop I. 


- 313. Elevate either pole to the pofition 
of a parallel fphere, by bringing the north 
pole in north latitude, and the fouth pole 
in fouth latitude, into the zenith of the 


broad paper circle, having firft placed the 


globe upon your meridian line, or by the 
other method before prefcribed; hold up a 
plomb-line fo that it may pals freely near 
the outward edge of the broad paper circle, 
and move it fo that the fhadow of the 
{tring may fall upon the elevated pole; then 
caft your eye immediately to its fhadow on 
the broad paper aka and the degree it 
there 


/ 


es ae 


Celefital and Terrefrial Globes. | 277 
there falls upon is the fun’s azimuth at that 


time, which may be reckoned from either 
the fouth or north points of the horizon. 


Metuop IL, 

314. If you have only a glimpfe, or 
faint fight of the fun, the globe being ad- 
jufted as before, ftand on the fhady fide, 
and hold the plomb-line on that fide alfo, 
and move it till it cuts the fun’s center, and 
the: elevated pole at the fame time, then 
caft your eye towards the broad paper circle, 
and the degree it there cuts is the fun’s azi- 
muth, which muft be reckoned from the 
oppofite cardinal point. 


PROBLEM LXL 


To thew that in fome places of the 
earth’s furface, the fun will be 
twice on the fame azimuth in the 

- morning, twice on the fame azi- 
muth in the afternoon; or, in 
_ other words, 
315. When the declination of the fun 


exceeds the latitude of any place, on either 
Suk ae _fide 
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~ | fide of the equator, the fun will be on the 
/ {ame azimuth twice in the PCIE, and 
| twice in the afternoon. 


Thus, fuppofe the globe. renault to the 
latitude of Antigua, which is in about 17 
deg. of north latitude, and the fun to. be in 
the beginning of Cancer, or to have the — 
greateft north declination ; fet the quadrant 
of altitude to the 21ft degree north of the 
eaft in the horizon, and turn the globe upon, 
its axis, the. fun’s center will be on that 
aie at 6 h. 30 min. and alfo at 1oh. 
30 min. in the morning. At 3h. 30 min. 
‘the fun will be as it were ftationary with 
refpect to its azimuth for fome time; as 
will appear by placing the quadrant of al- 
titude to the 17th degree north of the eaft 
in the horizon. If the quadrant be fet to. 
‘the fame degrees north of the weft, the fun’s 
center will tok it twite as it approaches 
the horizon in the afternoon. | 

This. appearance, will happen more or 
lefs to ail places fituated in the torrid zone, 

_ whenever the fun’s declination exceeds their 
_ latitude; and from hence we may infer, 
that the thadow of a dial, whofe gnomon 
is erected perpendicular to an horizontal 
; plane, 
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plane, muft neceflarily go back feveral de- | 
grees on the fame day. 

. But as this can only happen within the 
at zone, and as Jerufalem lies about 3 
degrees to the north of the tropic of Can- 
cer, the retroceflion of the fhadow on the 
dial of Ahaz at Jerufalem, was in the firiéteft 
fignification of the word, miraculous. 


PROBLEM LXIL.. 
To obferve the hour of the day. in 


the moft natural manner, when 
the terreftrial olobe is properly 
placed in the fun-fhine. 


316. There are many ways to perform 
this operation with refpect to the hour, three 
of which are here inferted, being general 
to all the inhabitants of the earth ; a fourth 
is added peculiar to thofe of London, which 
will anfwer, without fenfible error, at any 
place not exceeding the diftance ot 6o 
miles from this capital. 


Waar er (Tit, By 
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ft, | By a natural ftile. 


317. Having rectified the globe as before 
directed, and placed it upon an horizontal 
plane over your meridian line, or. by the 
other method, hold a long pin upon the 
illuminated pole in the direction ’ of the 
polar axis, and its fhadow ' will fhew the 
hour of the day amongit the polar pa- 
rallels. 

The axis of the lobe eine the com- 
mon fection of the hour circles, is in the 
plane of each ; and as we fuppofe the globe 
to be properly adjutted, they will corre- 
{pond with thofe in the heavens ; there- 
fore the fhade of a pin, which is the axis 
continued, muft fall upon the true hour 
circle. 


adly, By an artificial tile. 


318. Tie a fmall {tring with a noofe 
round the elevated pole, ftretch its other 
end beyond the globe, and move it fo that ! 
, the fhadow of the ftring may fall upon. 
the deprefied axis; at that inftant its fha- 
‘dow upon the equator will give the folar 


hour to a minute. 
But 
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But remember, that either the autumnal 
er vernal equinottial colure muft firft be 
placed under the graduated fide of the ftrong 
brafs meridian before you obferve the hour, 
each of thefe being marked upon the eae 
tor with the hour Xi 
The ftring in this latt cafe being moved 
into the plane of the fun, correfponds with 
the true hour circle, and confequently gives 
the true hour. 


3dly, Without any ftile at all. 


319. Every thing being rettified as be- 
fore, look where the fhade of extuberancy 
cuts the equator,” the colure being un- 
der the graduated fide of the ftrong brafs 
meridian, and you obtain the hour in two 
places upon the equator, one of them 
going before, and the other following the 
fun. 

Note, If this fhade be dubious, apply a 
pin or your finger as before dire¢ted. 

The reafon is, that the fhade of extu- 
berancy being a great circle, cuts the equa- 
tor in half, and the fun, in whatfoever pa- 
rallel of declination he may happen to be, 

is 
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is always in the pole of the fhade; confe- 
quently the confines of light and fhade will 
fhew the true hour of the day. : 


4thly, Peculiar to the inhabitants of - 
London, and its environs, within 
the diftance of fixty miles, 


320. The globe being every way adjufted 
as before, and London brought under the 
graduated fide of the ftrong brafs meridian, 
hold up a plomb line, fo that its thadow 
may fall upon the zenith point, (which in 
this cafe ts London. itfelf) and the fhadow 
of the ftring will cut the parallel of the 
day upon that point to which the fun is 
then vertical, and that hour circle upon 
which. this interfection falls, is the hour of 
the day; and as the meridians are drawn 
_ within the tropics at 20 minutes diftance 
from each other, the point cut by the in- 
terfeCtion of the ftring upon the parallel of 
the day, being fo near the equator, may, 
-by a glance of the obferver’s eye, be re- 
ferred thereto, and the true time obtained — 
to a minute. 


7 ihe 
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The plomb line thus moved is the azimuth, 
which, by cutting the parallel of the day, 
gives the fun’s place, and ep iaaeetly the 
hour circle which. interfects. it. 

3} rom this laft operation refults a corol- 
lary, that gives a fecond way of rectifying 
the globe to the fun’s rays. 

If the azimuth and fhade of the illumi- 
nated axis agree in the hour when the globe 
is rectified, then making them thus to agree 
mult rectify the globe. 


COROLLARY. 


Another Piste to rectify the globe : 
~ to the fun’s rays. 


321. Move the globe till the thadow of 
the plomb line, which paffes through the 
zenith, cuts the fame hour on. the parallel 
of the day, that the fhade of the pin held 
in the direction of the axis falls upon, 
among{t the polar parallels, and the globe is 
rectified, 

The reafon is, that the fhadow of oe 
axis reprefents an hour circle; and by its 
agreement in the fame hour, which the 
fhadow of the azimuth ftring points out, 


by 
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by its interfection on the parallel of the day, 
it fhews the fun to be in the plane of the 
faid parallel; which can never happen in the 
morning on the eaftern fide of the globe, nor 
in the evening on the weftern fide of it, but 
when the globe is rectified. 

This rectification of the globe is ony 
placing it in fuch a manner that the princi- 
pal great circles, and points, may concur and 
fall in with thofe of the heavens. 

The many advantages arifing from thefe 
capital problems relating to the placing of 
the globe in the fun’s rays, an intelligent 
Reader will eafily difcern, and readily ex- 
tend to his own as well as to the benefit of 


his pupil. 


PROBLEM LXIII, 
To find when the planet Venus is 


a morning or an evening itar. 


322. Reétify the celeftial globe to the 
latitude and fun’s place, art. 189, 190. find 
the place of Venus by an ephemeris, and 
fet the artificial moon to that place in the 
zodiac, which will reprefent the planet; 
bring the artificial fun to the eaftern ¥. 
fe 
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of the horizon; if Venus is then elevated, 
fhe will rife before the fun, and be a morn- 
ing ftar; but if the is depreffed below the 
horizon, fhe muft then confequently follow 
the fun, and become an evening ftar. 


PROBLEM LXIV. 


To find at what time of the night 
_\vany planet may be viewed with a 
“< meledting teléleope:: 


323. Rectify the celeftial fe to the 
latitude and fun’s place, art. 189, 190. feek 
the planet's place and latitude in an ephe- 
meris; to which place in the zodiac, fet 
the artificial. moon to reprefent the planet, 
and it will thew its place in the heavens : 
bring the planet’s reprefentative to the eaftern 
fide of the horizon, 'and the horary index 
will fhew the time of its rifing; if the ar- 
tificial {un is then elevated, the planet will 
not be vifible at that time by means of his 
fuperior light; therefore turn the globe from 
eaft to weft until the artificial fun is de- 
prefied below the circle of twilight, art. 
93, and 216, where fiop the globe, and 
| {crew 


- 


286 —_Defeription and Ufe of the 

{crew the nut of the quadrant of altitude in 
the zenith, art. 192, lay its graduated edge 
on the center of the planet, and it will thew — 
in the horizon the azimuth or point of the 
compais, on which the planet may then be 
viewed in the heavens; the horary index 
will at the fame time point out the hour of 
the night. When the planet comes to the 
ftrong brafs meridian, the index will fhew 
the time of its paflage over that celeftial 


circle; and at the weftern edge of the ho- 


rizon, the time of its fetting will likewife. 
be obtained. 


PROBLEM 
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PROBLEM LXV. 


To find what azimuth the moon 1s 
upon at. any. place when it, is 
flood or high water; and thence 
the high tide for any day of the 


~moon’s age at the fame place. 


324. Having obferved the hour and mi- 
nute of high water about the time of new 
ot full’moon, rectify the globe to the'la- 
titude and fun’s place, art. 189, 190. find 
the moon’s place and Jatitude in an ephe- 
meris, to which fet the artificial moon, and 
{crew the quadrant of altitude in the zenith ; 
turn the globe till the horary index points 
to the time of flood, and lay the quadrant. 
over the center of the artificial moon, and 
it will cut the horizon in the point of the 
compafs upon which the moon was, and 
the degrees on the horizon contained be- 
tween the ftrong brafs meridian and the 


quadrant, will be the moon’s azimuth from 
the fouth. : 
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To find. the time of high water at 
the fame place. 


325. Rettify the globe to the latitude and 
zenith, find the moon’s place by an ephe- 
meris for the given day of her age, ot day 
of the month; and fet the artificial moon 
to that place in the zodiac; put the qua- 
drant of altitude to the azimuth before 
found, and turn the globe till the center of 
the artificial moon is under its graduated 
edge, and the horary index will point to 
the time of the day on which it will be 
high water. 
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In the SoLuTION of 


Right Angled Spherical Triangles, 


326, “A Spherical triangle is formed. upon 
the furface of a globe by the in- 
terfection of three great circles. 

327. A {fpherical angle is the interfeCion 
of two great circles that incline to one an- 
other; the quantity of any fpherical angle 
is meafured by a third great circle, inter- 
cepted between the legs of the angle, at 

go degrees diftance from the interfecting 
point. | 
328. A right angled {pherical triangle 


a one right angle, the fides about which 
U are 
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are called legs, and the fide oppo to it 
the hypothenute. 

329. An oblique angled fpherical tri- 
_ angle has its angles greater or lefs than go ~ 
degrees: the folution of fpherical triangles 
confifts in finding the meaiure of its fides - 
and angles. 

330. The fides of any fpherical triangle 
may be changed into angles, and the angles 
into fides ; . for any one fide, and its op- 
pofite angle, their complement to a femi- 
circle be taken. : 4 


CASE L 
- PROBLEM LXVI. 


The hypothenufe and one leg being. 
given, to find the reft. 5 


In the right angled fpherical triangle 
ABC, fig. 29. are given | 


the leg re Py 
The hypothenufe BC 64 doteo ind D les 
The leg AC ig2 12): 908 UOTE, CBA 


331. Fig. 30. elevate the pole P to 42° 
12/, the quantity of the given leg A C, and» 


number the fame quantity on the ftrong. 
. brats 
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brafs meridian from A®, the equator to Z; 
the zenith ; there fix the quadrant of alti- 
tude. Bring that meridian which pafies 
through London under the brafs meridian, 
and count 64°. 40’, the meafure of the hy-' 
- pothenufe, on the quadrant downwards from 
Z to. G, and move it till the point G in- 
terfects the equator, and ‘the ti PERN ZG fs 
will be formed. | 

The fide A Z Pa ls the ce fide 
AC, the hypothenufe BC is reprefented by 
the arch ZG, the pido fide A.B is re- 
prefented by G £# an arch of the equator, 
its meafure 54° 43/,\ between Ai and G is 
the quantity fought; the angle A CB, is 
reprefented by the angle G Z #, and its 
meafure is found on the arch A 0 of the 
horizon equal to 64° 35’. 

232. To find the other angle ABC, 
having obtained the meafure of the fide B A, 
54° 43’, elevate the pole P agreeable there- 
to, and reckon the fame from At to Z; 
there fix the quadrant of altitude; number — 
the other les A C, 42° 12’ from Ai toG 
on the equator (the meridian pafling through 
London remaining as before) and to that 
ek bring the quadrant of altitude ; then 

ae) the 
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the arch A O, on the horizon, will contain 
48° oo/, the meafure of the angle A ZG, 
equal to ABC, the angle fought. ; 


CASE II. 
PROBLEM LXVIL 


The hypothenufe and an angle being 
. given, to find the reft. | 


In the right angled triangle A BC, fig. 
29, are given 3 


the angle ABC. | 
the legs Lae 


333+ Fig. 33. place Pp the poles of the 
globe in the horizon H O, and fix the quay 
drant of altitude to Z the zenith ; number 
64° 35’, the meafure of the. given angle, 
upon the horizon from /E to F; move the 
quadrant to the point F, and thereon count 
64° 4o/, the quantity of the hypothenufe 
from Z downwards to G, to which point 
bring that graduated meridian which pafles 
through Libra =, and the triangle G Z = 
will be formed, — | 


' The hypothenufe BC 6% to bo oa 
Theangle ACB 64 35} 


ZG 
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ZG an arch of the quadrant of altitude 
_reprefents the hypothenufe; Z = an arch 
of the equator reprefents the required fide 
AC equal to 42° 12', and G = an arch 
of the meridian. P + p equal to 54° 43/,. 
is the meafure of the other required fide 
ABBE ; | 

Now having found the fide A B, adjacent 
to the required angle A BC, its meafure 
may be found by art. 332. 


GA 8S E- AUT. 
PROBLEM = LXVIII. 
A. leg and its adiacent angle being 
_ given, to find the reft. 


In the right angled triangle A BC, fig. 
29. are given 7 | 


arg’ to the leg AC 
The leg BA? 54-43 ; to find i angle ACB 
The angle ABC 48 00 ‘ {the hyp. © BC 


334. Fig: 30. elevate the pole P, to 54° 
43', the quantity of the given leg BA; 
count the fame from A® to Z, and fix the 
- quadrant at Z; bring that meridian which 
pafles through London under the ftrong 

ran ei brafs 
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brafs meridian, and reckon the given angle 
48° oo’, from O to A, on the horizon; 
_ bring the quadrant to A, and the: — 
Z G will be formed. | 

- We have the meafure of the eetived fi de 
‘ Cc A upon AZ G an arch of the equator, 
equal to 42° 12’, and the hypothenufe B C, 
upon GZ, an arch of the quadrant, equal 
to 64° 40’, the angle ACB may be it 
by art. 332. 


CAS E “IV, 
PROBLEM LXIX. 
Both legs given, to find the reft. 


In the right angle triangle ABC, fig. 29. 


are given 


co 4) the hyp. CB 
The es} rt 5 43 to find | ae angles} AEG 


te 


335. Fig. 30. elevate the globe to the 
quantity of either given leg as AC, 42° 12/, 
number the fame from 4® to Z, and fix the 
quadrant at Z, fet the meridian which paffes 
through London under the {trong brafs me- 
ridian, and count the other given leg AB,,. 


54° 
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§4° 43! upon the equator from to G, 
bring the quadrant to G, and the triangle 
ZG A will be formed. 

‘The arch Z G on the quadrant of alti- 
tude 64° 40!’ is equal to BC the hypo- 
thenufe, the arch O A, 64° 35’ on the 
horizon, is the meafure of the angle GZ A, - 
equal to the required angle ABC. ‘The 
other angle may be found by-art. 332. 


CbAcS) BdaVan« 
Pr) OL EWE DEX. 


Both angles given, to find the three 
| fides. 


da the right angled sOaRRIe AB C, fig. 
29. are given 


se the hyp. UR 
The angles’ ACB 64 365 Sto find C 


336. In this fifth cafe, we muft have re- 
courfe to art. 330, and then we fhall have 
an oblique angled fpherical triangle abc, 
fig. 31. whofe fide a b is equal to the angle 
ACB of the given triangle; the fide b c, 
equal to the angle ABC; and the fide a c, 

rhe Cat equal 
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equal to the complement of the right angle 
to 180 degrees, which muft therefore ne- 
ceflarily be go degrees. 

337. Fig.30. number 48° oo! the fide 
bc of this fecond triangle, from P, the 
pole of the globe to Z, and there fix the 
quadrant of altitude; then bring the point 
Z into the zenith, art. 192. and count go° 
oo! the quantity of the fide a c, from P the. 
pole to G, upon that meridian which paffes 
through + ; number the fide ab, 64° 357 
upon the quadrant of altitude downwards 
from Z to G, then move the globe and the 
quadrant, until thefe quantities meet in one 
point at G, and the triangle P ¢ G will be 
formed. 


The arch A G, on the equator, will give 
the meafure of the angle AZ P G 54° 42/, 
equal to the required fide A B; and the 
arch A O, in the horizon, that of the angle 
~ GZ F 64° 40/, which is the complement of 
the angle PZG to 180 degrees, and is equal 
to the hypothenufe B C: thus having obtained 
the meafures of two of the required fides, 
we have fufficient data to find the third fide 
AC, either by the firft or fecond of the pre- 
ceeding cafes, art. 331, 333. 

The 
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The ufe of the ghee in the 
folution of oblique angled 
{pherical triangles, 
CATS Be 
PROBLEM LXXI. 


Two fides and an angle oppolite to 
one of them being given, to find 


the reft. 


In the oblique | angle ed fpherical triangle 
BCD, fig. 32. are given 


BC 83 3 137 the fide BD 
The fides ScD OF etch Gud) wathiaped BOR 
if Bes) BDC 


The angle CBD 48 31 
338. Hip: 30. Count the fide BC 83° 
13/, on the ftrong brafs meridian from P 
to Z; fix the quadrant of altitude at Z, and. 
bring that point into the zenith; and from 
Z downwards to G, number 56° 40’; where 
make a mark for the extent of the other fide 
CD, and reckon its oppofite angle DBC, 
48° 31', on the equator from the point = 
, at 
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at G eaftward, towards As, where ftop the 
globe, and bring the mark upon the qua- 
drant to coincide at G with the meridian 


P G, which paffes thro’ +, then the arch ~ 


P G will contain 114° 30/, the meafute of 
the required fide BD; and the arch HA 
in the horizon 125° 20/, will be the mea+ 


fure of the angle B C D; the other angle 


P GG, equal to the required angle B D C, 
may be found by art. 332, in changing the 
fides upon the globe. Or, 

339. If you make a mark on the globe di- 
rectly under the point Z, and bring the point 
G to the zenith, over which the-quadrant of 


altitude is to be fixed, and lay its graduated , 


edge upon the point juft marked; it will 


fhew in the horizon, between the ftrong | 


brafs meridian and quadrant, 62° 51, the 
mea{ure of the required angle P G Z, a. 
to the angle BD C.. 


CASE 


\ 
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CASE Il, 
PROBLEM LXXIL. 


Two angles and a fide oppofite to 
one of them being. givens to find 


the reft. 


aa the. oblique aheled: triancle B C D, 
fig, 32. are given 


| On ae ; 
The angles! Bc a sf Aig ee fides ; ney 
The fide BC 83.13) - the angle DBC 


340. Fig. 30. Reckon the angle BD C, 
62° 51’, which is oppofite to the given fide 
upon the equator from  eaftwards, and 

bring that fae to AZ; count the given fide 
BC, 83° 13! upon the quadrant of altitude 
from Z downwards to G, where make a 
mark, and number the other given angle © 
BC.D 125° 30, in the horizon from H to © 
A ; fet the lower end of the quadrant to the 
point A, and hold it there while you! flide 
the pole of the globe higher or lower, until 
_ the mark on the quadrant at G, interfects 
' that meridian which paffes through =, and 
. at 
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at the fame time, that the nut at the ups 
_ per end of it may be exactly in the zenith, 
where fix it, and the triangle PZG will 
be formed. 

The arch PZ, of the ftrong brafs meri- 
dian, contains 56° 40’, the quantity of the 
required fide C D, and the arch PG 114° 
30’, is equal to the other required fide B D,; 
the angle D BC may be found by art. 332, 
riche ka 


CASE Ih 
PROBLEM LXXIUI: 


Two fides and their contained angle 
given, to find the reft. 


In the oblique angled triangle BCD, 
fig. S are given 


nee | 
BC 83 13} the fide ; BD 
_ wishananed } DC 56 fo ind ine angles ; DBC 
The angle BCD 125 30 BDC 


241. Fig. 30. Count the fide CD 56° 
40’ from P to Z on the ftrong brafs me- 
-gidian; bring the point Z into the zenith, 
and to it fix the quadrant of altitude, and 

number 
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number from Z downwards to G, the quan- 
tity of the fide BC 82° 13’, and there 
maké a mark; then count the given angle 
BCD, 125° 30/, on the horizon from H 
to A, and to A bring the quadrant; laftly, 
bring the meridian which paffes through ss 
to the point G marked on the quadrant, 
and the arch P G, 114° 30’, will be the 
meafure of the required fide B D, and the 
equatorial arch A G, 63° 51’ is the mea- 
fure of the angle BDC, equal to the angle 
GPZ: the other angle may be found as 
before fhewn, art. 332, 339. 


CAS E_ IV. 

- PROBLEM LXXIv, | 
Two angles and the included fide 
given, to find the reft. 

In the oblique angled triangle BC D, 


fig. 32, are given 


Thefide CD 56.407  - (the angles DBC 
BCD 125 30 eto find J by yi: & 

The see BDC 62 sf x fides ; BD 
342. Fig. 30. Number the fide CD, 56° 
40', from P to Z, and bring Z into the | 
zenith, 
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zenith, and fix the quadrant there alfo; 
count the angle BDC, 62° 51’ on the 
equator, from to A’; number the angle 
BCD, 125° 30/, upon the horizon from H 
to A, and bring the quadrant to A; then 
PG, 114° 30/, will be equal to B D the 
required fide, G Z 83°13! equal to the 
other required fide BC, and the angle 
PGZ equal to the angle DBC, mei be 
found by art. 332, 339. 


CPA's EY V: | 
PROBLEM LXXv. 
Three fides given, to find the angle. y 


In the oblique angled triangle BC D, 


fiz. 32, are given 
12- 323 


v BC 83 14 (BCD 
The fides {<b 56 ‘o} to find the angles 2 
BD 114 30 DBC 
343. Fig.30. Number the fide C D 56° 
‘ 40', on the {trong brafs meridian from P to 
Z, bring Z into the zenith, and to it fix the 
quadrant of altitude; count the fide B D, 
114° 30! on the meridian, which -pafles 
through * from P to G, and the fide CB 
| $30 
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$3° 13! upon the quadrant from Z down- 
wards to G, then move the globe and qua- 
drant, until the two laft points coincide. 
The arch HA 125° 20! on the horizon 
~ will be the meafure of the angle P ZG, 
equal to the required angle BC D, the arch 
ALS of the equator 82° 15’, is the meafure 
of the angle GP Z, equal to the angle 
BDC, Thus having found two of the re- 
quired angles, the third mey be found. by 


art, 3325 339: 
GA SE Vi. 
PROBLEM LXXVI. 


The angles given, to find the fides. 


In the oblique angled triangle BC Hoe 
fig. 32. are given 


‘BCD 126 20 EC 
The angles } CDB 62 51 sto find the fides’ CD 
a DBC 48 31) DB 


344. This cafe may be refolved as the 
fifth cafe of right angled {pherical triangles 
art. 336. by converting the angles into fides, 
then finding the angles as in the laft pro- 

blem, 
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‘blem, where the angles in the converted ~ 
triangle will be the fides required in this. 

Having fhewn how to folve all the cafes 
in right and oblique angled fpherical tri- 
angles, we proceed to fhew the extenfive © 
ufe of the globes in the folution of a few of 
the principal aftronomical problems, ac- 
cording to Dr. Flamfted’s doétrine of the 
fphere ; and as we do not know thefe have 
aver yet been applied to the globes, hope the 
Reader will think them both entertaining 
and ufeful. 


The 


Celipfial and Terreprial Ghibes. 36 5 


‘The Ufe of the Globes in the 
Solution of {pherical Pro- 
~blems, — 
PROBLEM LXXVII._ 
Given, the fun’s place in the 
ecliptic in 6 12° 15’. The in- 
Clination of the planes of the 
- equator and ecliptic, 23° 29. 
To Finp the fun’s right afcenfion 
from the firft point of Aries, the 
_ fun’s diftance from the north pole 
of the world, and the angle, which 
the meridian, pafling through the 


fun at that place, makes with the 
uptc. 


345. Fig.34. The circular fpace marked 
%, <, V8, Y, reprefents the ecliptic, e its 
pole, P the north pole of the world, ele- 
vated 664 degrees above the firft point of 3. 

The eye is fuppofed to be placed directly 
x 


over 
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over the point e, when the reader compares. 

this figure with the globe. : 
_. Make a mark: sx, at 12° i 5! in Taurus, 
to’ reprefent the fun’s place im the ecliptic, — 
and turn the globe till that meridian which 
paffes through = interfects the point 3% ; it 
will then. reprefent the fun’s meridian at 
that time. 

The globe being thus rectified, we have 
between the fun’s proper meridian P %, and 
the folftitial colure 9 P vS, here reprefented 
by the ftrong brafs meridian, with the arch 
% , a {pherical triangle ¢& o P, right 
angled at. %, in which we have the folk 
lowing data. See fig. 34. 


& ty 47° as/, the cont plemailt of T x; 
which is the fun’s diftance from the fart 
point of Aries. * 
& P 66° 31, the complement of Pe, 23° 
29', the diftance of the poles of the equa- 
tor and ecliptic. | 

To find the angle o P %, the complement 
of sx P ¥, the fun’s right afcenfion from 
the firft point of Aries, art. 202. 

The fide P x, the fun’s diftance from the 
north. pole of the world. And | 

The 
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The angle & @ P, which is the angle that. 
the meridian pafiing by the fun make 

' with the ecliptic. 


We obtain the meafure of the firft, by 
numbering the degrees upon the equator, 
between the ftrong brafs meridian, and that 
which paffes through =; which are equal 
to 50° 12’, its complement; 39° 48° is the 
fun’s right afcenfion, which is that angle at 
the pole formed by the proper meridian — 
¢: P with the meridian v. P. 

Note, This arch of the equator could 
not be reprefented in fig. 34. it being under: 
the broad paper circle; but the reader will 
fee it plainly when the globe is thus recti- 
fied. | 

The quantity of the fecond poftulatum, | 
which is the fun’s diftance from the neareft 
pole, is found by infpection, 74° 27! upon 
the arch P of that meridian paffing thro’ 
“, its complement P 1, equal to 15° 33! 
is the diftance of the north pole from the 
edge of the illuminated. difc, reprefented 
upon the globe, as in fig. 34. by the femi- 
circle fe g, the black line fe being the 
quadrant of altitude, and the other dotted 

X 2 half 
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half e g being fuppofed ; or, if the reader 
pleafes, he may reprefent it with a’ ftring. 
This complement P 1 is, by Mr. Flamfted, 


called the refleétion, and is ever equal to - 


the fun’s declination. 

Laftly, the meafure of the angle © # P, 
is obtained by ferewing the quadrant to e 
the pole and zenith point of the ecliptic, and 


counting go degrees from 3 tof; thither 


bring ifs lower end, then will the arch # i 
be a quadrant alfo; and the quantity 72° 
10/, counted from f toi, upon the quadrant 
of altitude, is the meafure of the required 


angle 95 # P, formed th the meridian iP. 3 


with the ecliptic ## % 


PROBLEM 


-_ 
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PROBLEM LXXVIIL. 


Given, the fun’s place in the eclip- 
‘tic & 12° 15’, the reflection or 
declination 15° 33’, and latitude 
of the place, fuppofe London, 
5 i 34: 

To find the time of the fun’s rifing 
and fetting ; the length of the 
day and night; the amplitude of 
the rifing-fun from the eaft, and . 
of the fetting-fun from the weft ; 
and that of the path of our ver- 


tex in the edge of the illuminated 
difc. 


346. Fig. 35° elevate P, the pole of the 
‘globe, to 15° 33’, the fun’s. declination, 
above the plane of Bd Gi, the circle of illu- 
mination: count the fame quantity from 
_£& the equator to %#, at which point fix the 
quadrant of altitude; this point will repre- 
fent the fun’ s place; makea mark upon the 
glove on that meridian which pafles thro’ 
: xX a ma! 
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“at 51° 32/ the given latitude; this will 
exprefs a point in the path of the vertex of 
London: bring this point to the edge of the 
difc at B, and fet the lower end of the qua- 
drant thereto; B is that point in the difc 
from which the fun is feen to rife, or where 
the vertex of London in its diurnal motion 
from weft to eaft, pafies out of the obfcure 
into the enlightened part of the dife; i Pd 
is the fun’s proper meridian, which is re- 
prefented in this by the ftrong brafs meri- 
- dian, O is the place at which the vertex 
of London arrives at noon, being gue 32! 
from /E the equator to O, and G the place 
in the difc, from which the fun is feen to 
fet, or where the vertex pafles out of the 
illuminated into the obfcure part of the dife. 
BOG is the diurnal, and G—B, on the 
~ other fide of the difc, (not here reprefent- 7 
ed, but to be feen upon the globe) is the 
nocturnal part of the path of London. 

If you bring the mark on that meridian 
which paffes through = to the point G, and 
the quadrant of altitude to the fame point, 
it will be plain that we fhall have two tri- 
angles formed on each fide of iP x, the 
fin’s proper meridian, VIZ. & PB, BiP, 

on 
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on the oriental or afcending fide, and » PG, 
iP G, on the occidental or defcending fide. 

In either of thefe four triangles there are 
fufficient data to find what is reqiiréd in 
this problem. In'the triangles % P B, x: PG, 
are given, ** P in both, the fun’s diftance 
from the pole, PB, equal to PG, the dif- 
tance of the vertex from the pole, which is — 
always equal to the complement of the la- 
titude, with the fides % B, s G, each equal 
to go degrees, 

To find the angle PB &, or PG ¢, the 
{fun’s amplitude from the north, when rifing 
or fetting; and the angle % PB, or & PG, 
the time before noon. But as the two lait 
mentioned angles are obtufe, we chufe to 
refolve this problem by one of the two leffer 
triangles P Bi, PGi. each of them being 
right angled at i, in which are given, P 1, 
the reflection, 15° 33’, equal to the decli- | 
nation, BP, equal to P G, 38° 28’, the dif- 
tance of the pole from the vertex. 

To find the angle P Bi, or PGi, the 
complement of @ Bi, or * Gi. the fun’s 
amplitude at ‘ifing or fetting from the eaft 
or weft, and the angle 1P B, equal to the 
angleiP G, which are formed between the 

Ski 2g fun's 
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fun’s proper meridian, and that which pafles 
through the vertex at fun-rifing or fetting: 
this changed into time, expreffes the time 
from midnight, of fun rifing and, fetting. 
The fide Bi is called the amplitude of the 
path of London in the edge of the difc, and 
thefe are obtained from the globe as fol- 
lows. 

The meafure of the angle B Pi is Besa 
ed by infpection, reckoning from = upon 
the equator: to the ftrong brafs meridian, 
which is 96° 31/: if reduced to time, it is 
4h. 38 min. in the morning, at which time 
_ the ah rifes at London, when he is in & 
“Sails and confequently fets at 71 h, 22m. 
afternoon. See art. 24.9. 

The quantity 35° 38’ of the required — 
fide Bi, is obtained Er infpection’ between 
B and i, upon the edge of the difc. 

The meafure of the angle P Bi may be 
attained as follows: every thing elfe remain- 
ing as before, bring the graduated edge of: 
the moveable abort to the firft point of 
on the ecliptic ; ; then count the comple- 
ment 54° 22/ of the fide Bi, from 1 to x, 
; where make a mark; and count the com- 
Benen of BP, 51° 32/ from P to y) upon 

the 
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the moveable meridian, where make another 
mark; remove the quadrant of altitude, and 
apply it between thefe two marks, and the | 
quantity 25° 31/ is the meafure of the angle 
P Bi, art. 327. ‘This is the fun’s amplitude. 
from the eaft, or N.E. 3° 1! eafterly. uy 


PROBLEM. LXXIX. 


Given, the latitude of the place 51°, 


32’, or rather its complement 38° 

28', which is the diftance of the 

path of the vertex from the pole, 

and .the fun’s diftance from the 

pole, 74° 27', which is the com- 
| eas of his declination 5). 


KE , 
age find the’ fin’s diftance.from the 


vertex at the hour of fix, and his 
amplitude at that time. : 


337. Fig. 35. Elevate P, the pole of the . 
globe, to 15° 53’, the declination; bring the 
moveable meridian to that which pafles 

through London ; flide the artificial, horizon 
to 
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to 51° 32’, the latitude of the place, and 
turn the globe till the fixth hour upon the 
equator comes under the graduated fide of 
the ftrong brafs meridian ; then the move- 
able meridian, together with that which 
paffes thro’ , will reprefent the fix o'clock 
-hour-circle FK PA g ; fix the quadrant of 
altitude to 15° 33’, at the point %, counted 
from AS the equator; turn the quadrant to 
the point K, which reprefents the center of 
the artificial horizon, and the proper triangles 
will be formed. 


In the right angled foherieal triangles 
AP #,K Ps, right angled at P, are given 
PK, equal to PA, 38° 28’, the diftance 
of the vertex from the pole, « P, the path’s 
diftance from the pole 74° 27’. To find 
a K, or & A, the fun’s diftance from the 

vertex at the hour of fix, and either of the 
angles, # A P, or % K P, the fun’s azimuth 
from the north at the fame time. 

It is plain that P #:, being the fun’s pro- 
- per meridian, F Pg at right angles to it, 
muft be the hour-circle of fix in the morn- 
ing and evening, and that the fun rifes, 
when the vertex B comes in the weftern 
edge of the fun’s enlightened difc. Therefore 

it 
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it muft be at K, at fix o'clock in the morn- 
. ing; at noon the vertex will be at O, upon 
OP, the fun’s proper meridian; and at fix 
in the evening it will be at A, upon the fix 
‘o'clock hour-circle again; and when the 
vertex atrives at G, upon the eaftern edge 
of the difc, the fun will be feen to fet weft- 
ward of the vertex. 


The: required fide ¢¢ K, which is the fun’s 
diftance from the vertex, is found by count- 
ing the quantity 77° 53/ uponthe quadrant, 
from % to K; and the angle % KP, 80° 
11/3; the fun’s azimuth from the north 
be meafured by producing the fide K e, 
go degrees from K to m, (art. 327.) “ 
fide KP being already produced on the 
other fide of the ftrong brafs meridian, K P 
is known to be nee 28’; therefore count 
its complement 51° 32’, from P to n, upon 
that meridian which pafles through =, and 
there make a mark; now remove the qua- 
drant of altitude to cut the oppofite point 
of the horizon to that at which it ftood be- 
fore, and count thereon from * down- 
wards 12° 07’ to m, where make another 
mark ; then an arch of a great circle applied 

| to 
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to thefe two marks will give 80° 11’, the 
fan’s azimuth from, the-north. 

Note, A flexible femicircle of pofition, if 
applied with the quadrant of altitude, will 
be found ufeful in this and many other cafes. 


PR OSs oe IV tak ao. 
‘To find the fun’s diftance from the 


vertex when due eaft or weft, 
and the hour, or time from noon, 
when he'fhall be in either of 
thefe points. 


‘ 


348. Fig. 35. the north pole of the globe 
being -elevated to the fun’s declination, as 
jn the laft problem, and the quadrant fixed 
at %% as before, the moveable meridian placed 
on that of London, and the center of the 
artificial horizon fet to the fame point; 
turn the globe fo that the graduated edge 
of the quadrant may lie upon the eaft and 
weft points of the artificial horizon, and the 
triangle #s KP will be formed; in which 
is given x P, the fun’s. diftance from the 
ie “4° 27'; PK the diftance of the 
path oe the pole, 38° 21’; s* K, the 

fun’s 
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fun’s diftance from the vertex, when due 
eaft and weft, may be found by infpection, 
counting from % to K upon the quadrant, 
70% of: the meafure of the angle & PK 
is alfo obtained upon the equator, counting 
from that point where it is crofled by the 
quadrant of altitude, to its interfection with 
the graduated fide of the ftrong brafs meri= 
emo 77° wen’. i time «5h. 9 tn.) from 
noon, which is 5t min, patt 6 in the morn- 
ing; or at g min. paft 5 in the afternoon, 
when the fun is due eaft or weft. | 
The fun’s diftance 70° o/ from the ver- 
tex as found above, when due eaft or welt 
fubtracted from go degrees, leaves 20 deg: 
which is its altitude above the horizon at 
either of thefe times, for * v, # w are 
quadrants, from which if we take  K in 
the firft, or #* A in the fecond, it is K v, 
in one and’A w in the other, equal to the 
fun’s height. ~ 


PROBLEM 
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PROBLEM LXXXI. 


Given the hour from noon, viz. 8 ir 
the morning, which is 4 hours . 
from noon, and the fun’s diftance 

from the pole, 74° 27’. 
To find his diftance from the vertex. 


349. Fig. 35. elevate P the pole of the 
globe to the fun’s declination, 15° 33/ fet 
the moveable meridian to the vertex of Lon- 
don, and flide the center of the artificial 
horizon to that point at K, and turn the 
gtobe, until the eighth hour-circle marked 
upon the equator comes under the graduated 
fide of the ftrong brafs meridian; the qua- 
_ drant of altitude being fixed at the point 2 
as before, turn it to the point K, and the . 
triangle z: PK will be formed ; ; in which 
is given the angle K P zs, four hours from 
~ noon, PK, 38° 28/ the diftance of the 
path from the pole; % K the fun’s diftance 
from the vertex will then be found, by in- 
{pection on the quadrant, counting from i 
SFO 20". 


PROBLEM 
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PROBLEM. LXXXII. 


Given the fun’s diftance from the 
pole’ 74° 27’ , the latitude of the 
place 51° 32’, and the fun’s dif- 
tance from the vertex by obfer- 
vation, 46° EL. 

To find the time of the day when 
that obfervation was made, and. 
the azimuth upon which the fun 
was at that time. 


ggo. Fig..35- agar P, the pole of the 
globe to 15° 33’ the complement of the fun’s 
diftance from the pole ; bring the moveable 
‘meridian to the vertex of London, and flide 
the center of the artificial horizon to. that 
point: then fcrew the quadrant to # the 
zenith of the illuminated dik, and bring 
its graduated edge to London; and move 
the globe and quadrant, that the vertex may 
cut the quadrant at 46° 11/, the obferved 
diftance counted from #: to K; and an ob- 
lique angled triangle %¢ K P will be formed 
upon the globe, in yaigh we have three 

| fides 
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fides given, % P, 74° 27! the fun’s diftance © 
from the pole, *@ K his obferved diftance 
fiom the vertex 46° 11’ ih the morning; 
and K.P 38° 28’ the diftance of the pole 
from the vertex: to find the angle K P 4%, 
count the quantity contained upon the equa- 
tot, between the moveable and ftrong brafs 
meridians, which, will be found 36° 23", or 
2 h. 25 m. in time from noon, which is 3g 
minutes paft g o'clock in the morning. 


“The angle P K #% may be meafured by 
- producing the arches which include the 
angle to the diftance of go deg. from the 
angular point as in art. 332. or by art. 339. 
and it will be found 127° 40’, of iI poihts 
of the compafs from the north, reckoned 
round by the eaft, or ad 3° gel 
foutherly. : 

If the obfervation had been made in the 
afternoon, at the fame height or diftance 
from the vertex, the anfwers would have 
been the fame, but in a contrary di- 
rection. 

By this problem we may regulate our 
clocks at any time of the day, without ftay- 
ing till the fun comes to the meridian ; if 
the fun’s altitude be taken by a large qua~" 

drant, 


coli énid teria Globes. 3.41 


drant, and you’ note the time by tlie clock 
when the obfervation was taken; and the true 
time anfwering thereto, be, fond.as above, or 
by calculation, the difference between this 
and the time pointed out by the clock at the 
inftant of obfervation will thew how miuch 
the clock is before or behind the folar oo 
rent time. 


“PROBLEM LXXXIL 
Given;, the latitude of the place 51° 
: ga‘; the fun’s place 6 12" 4e/, 
~»the fun’s right afcenfion, 39° 48’, 
ee one o'clock afternoon, being 
othe. time when, an. obfervation was 
ot: anadeé sy vio 
To find, what point oF the ecliptic 3 
he culminates upon the meridian, — 
which is the higheft point of it, 
or the goth degree from the points 
wherein it interfects the horizon, 
and — ‘confequently thofe points 
themfelves ; ; the diftance of the 
nonagefimal and mid - heaven 
x - -points 
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points from the vertex 5 and the 
angle made by. the. vertical: circle 

pafling through’ the fun. at that 
time: with the ecliptic. ous ak 


| sc) bee 
| 35% Bis 34. elevate P the: ‘pole ‘of the 
globe to 664 degrees, count. the fame quan- 
tity from Ai the equator to e, there: fix the 
quadrant of altitude; this. point e, will then 
be “ie i Bb of the broad j paper circle marked 
“9p S28, which now reprefents the'eclip- 
tic, i which at 4 put-a mark, atso 12° 
15/ for the place of the fun; bring the, gra- 
duated edge of the moveable meridi firit 
to the vertex of the given ‘place, in ‘this ex- 
‘ample London, and bring the-center of the 
artificial horizon thereto; next “fet-it’td the 
point marked 4%, and the horary, index ‘to 
‘that XUth hour upon the equator which is 
moft elevated, and turn the globe | until the 
-given time one hour from hoon comes tinder 
othe hhorary, index. -Theh fet the graduated 
edge of the quadrant of altitude to the, ver- 
‘tex at E, and the globe will be rectified for 
“a folution of this. problem, ° in which we 
“have ‘two° Sis ei, id Ps: D; and 
a~ Mi Ki pert Q200u 


| r E, is 


= 
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VE} is that point’ in the path ét! which the 
vertéx‘is' at! one’ o’clock: afterhdon, D, that: 
point’ of the: écliptic which then culminates: 
uipon, the itietidiatt E-¢ 5,’ the’ angle made 
by E% the Veftical’eircle then pafling thro’ 
the’ fun ‘withthe écliptic ; ‘thé’ point’ T in 
the: “ecliptic; - swhich 4s ‘ctit by” the quadrant 
of altitude: pafling thtodgh E; js evidently 
the nearéft-poitit to the vertex$or'the hich~ 
eft of nonagéfirtal pint of it. ° E T’ is the 
diftineé of the paint T ftota the véttex ES) 
and ED the diftance of D from the vertéx; 
whichis the: sar ie SuletineDE gigs 
thé: menididd. bus sdole 23 


“Inthe: triangle D oP, i is: ges the angle 


is’ the viol afcetifion’ a eh nfl Indaba 
the + fun’s given fight’ afeerifion \ 39° 48's 
dgteeable to the funi’s*place & F2% 45’, at 
noon, ‘to whieh the addition of a Lie for one 
hour after noon, as we did above in recti-’ 
fying the: globe;’ makes the angle 7 P D 
54°48! the préfent right afeenfion of the 
mid-heaven aiid P E-D the meridian at thag 
time; P 2% 66° git’, and. the angle at %& 


Y.2 I, To 


- 
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nite To find % D, the complement of ¥_ 
D, the, longitude of PD, the, mid-heaven. 
from the. firft point of _¥, which is. ob- 
tained on the ecliptic here reprefented by the. 
broad pape circle between points % and: Ds 
32°°64"5, OF between ¥ and D, 57° 6/, the, 
longitude itfelf, which is 27 deg. 6 min. in 
Taurus. D is that point of the ecliptic, 
which culminates upon the meridian at that, 
time, whence we may. readily. find what, 
points ‘of the ecliptic rife and, fet at ats 
time. wely CY ME Ths 


cit he sated gyoh2g' cca beatae 
P the pole of the globe and D: upon: the! 
moveable meridian, is the diftance of 1D the - 
mid-heaven- point, from. the, pole ; Jif we 
deduct -P_E..38.28,. or count. the quantity. 
between .D and E, we fhall have 31° 59/,. 
the ‘diftance of the point D in the ecliptic 
wherh now culminates on the meridian from 
ies 58°r3 hee is the slicisht of ioe aclipté | 
at this time, or.the inclination of the eclip- 
tic to,the horizon. of the’ ‘place. cre veogabires, 

cil. To. find: T, the complement of 
4 ew which j is the longitude of the nona= 

gefimal, 
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gefimal, and T oF its diftance ‘from the 
vertex. | 

In the eb angled pherical oe 
Pe&, are given Pe 23° 29’, the diftance 
of the poles of the equator and ecliptic, | PE, 
38° 28/ the co-latitude with the included 

angle e PE 144° 48’, the complement of 
45° 12! the diftance oe ‘the mid-heavert 
from the firft point of & to 180 degrees. 
The meafure‘of this sie | is obtained upotr 
the equator between the art br a and the. 
moveable meridians, 


"To find the angle Pe E, “as it is included’ 
between & & e¢, the ftrong brafs meridian, and 
eT the quadrant 5 we have its meafure 
24° 44! upon the arch’ TP of the ecliptic,’ 
its complement 65° 16/ is ¥ T, the longi- 
tude of the scar api from: the firft se 
of Aries, or 15° 16 its diftance'E T froti¥ 
the vertex A is gained on the quadrant - “of 
altitude gre 2', ‘the complement of which 
58° 58! is the altitude of the ecliptic above 
the horizon’ at this time ; of it is the angle 
which the planes of the ecliptic and horizon 
make with each other; as Ti ‘is the higheft 
point of the’ fac at this time, and ‘its 
Heh pctiae in m5 16/, three’ figns or g@ 
| ¥3 degrees 
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degrees. counted) on the ‘broad: paper circle 
- from T towards x will give ™ 5° 16! for 
that point of. the ecliptic which is is then. rifing, 
and the fame quantity counted . from T to> 
wards y, will’ fall YEP Xe 16! which, 
Doint 1s then fetting. 

iit wai find, the ritihy Eg iT. baled shat 
ae a vertical. circle E. ve ‘pafling through 
the funy at; ‘that, time makes. with: the. eclip= 
tic; this j is.called the parallactic, angle. oll 

ofA o- reprefent this angle upon the globe 
it is neceflary to have a Gexibieidire of brafs,. 
ora flip: of parchment about, the, breadth 
of. the quadrant. of. altitude, with the. di- 
vifions infcribed on. it with..a, opens if this 
Lip be. applied, to the. point ‘4 and its, gra- 
duated edge; laid. over the vertex) E,, and: 
extended, to! the. quadrant. of, altitude, fir, 
removed. to.x.go degrees from, eit will in- 
terfect the quadrant.at wy, thejquantity. upon, 
the quadrant, from x to w, will be, 56° 29/,, 
the meafure. of the parallactic dete E ge Ty 
- The refult.of this problem jis ag.follows :| 9443 

. That point; of the: ecliptic Pig Stile 
sinates on, the’ meridian ji ie ind 27° 6/its 
diftance fromthe vertex.31° 59', the higheft, 
Or nonagetimah PO of, the ecliptic, . 
be eB Bee 6 “ 5° { 


Goodraght jeep 


' ff 2e nae > ,r 


Celsptiahanl Terrefirial Ghber, 325° 


5°°16/, its diflance from the vertex ZI? 2," 


~ 


~ 


the rifing ‘point. of the ecliptic 5° 16%, its” 


fetting point 9 5° 16','the diftance' of ‘the 


nonagefimal from the mid-heaven 8° 10/,° 
ane the aie angle at this time a 59" | 


PROBLEM ‘LXXXIV. 


ex: the latitude of the ata 


right,, afcenfion and declination of 


- any point of. the: ‘ecliptic, ‘or of a. 


> fxed' flay « sagmt 
To find its rifing.or etting rs 


tude, its afcenfional difference, 


cand: thence i its oblique a{cention. 


© 452. Fig. 36. elevate’ P, the pate of the 
globe’ to “51° 32’, the latitude of Lon- 
don ; then the’ diutmal parallel’ of the firft 
point’ of ’Cahcer will? ‘be reprefented by. 
oF," the ‘tropic: of that name, “marked 
& eF, in fig: 36, bring the firft point of 
on thé ecliptic line’to the’ graduated’ edge'of 
the ftrong brafs meridian; and e will ba the 

oint' where it rifes; to this | point ‘bring the 


gi acluated edge of the’ moveable: meridian, 


é | Ps 4 repre- 
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reprefented in the figure by Peg p, then. 
ae, upon the horizon at HO, or the angle 
a Ze, from the angular point Z m, the ze- 
nith will be its rifing amplitude, from the 
eaft at Aries, towards the north point of the. 
horizon at o, and a g, determined by the 
moveable meridian, which now reprefents. 

a circle of right afcenfion pafling through 
me points e and g, and the horizon its af- 
cenfional difference, which fubtracted from 
its right, leaves its oblique afcenfion. 

The afcenfional difference is the difference © 
between that point of the equator, which 
culminates upon the meridian, with the firtt 
point af Cancer, and that other point. of 
the equator which rifes with it above the © 
horizon; it is here fubtracted, to find the 
oblique afcenfion ; becaufe that point of the ° 
equator which rifes with the firft point of 
Cancer, comes to the horizon: before. the 
peint of its right afcenfion, or that point. 
with which it cplminates upon the meridian. 

In the triangle a g e, we have g e, the 
northern declination of the point e, in: the 
diurnal parallel of the firft point of Cancer,, 
equal to 23° 209’, the angle gae, which 
is the inclination of .the planes of AB. Q the 


equator, 


’ 
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equator, and HO the horizon, with the 
angle at g right. Whence upon the horizon’ 
we obtain between a and €,' 39° 50, the 
rifing amplitude of the firft point of 5, 
which is NEbE, and 5° 20! more. Up- 
on the equator, from ato g, we find 33° 
g/, the afcenfional difference of the firft 
point of Caneer: which fubtracted from 
go deg. the right afcenfion of that point, 
leaves 56° 51/, its oblique afcenfion. 
‘Every’thing elfe upon the globe remain- 
ing the fame, if we bring the moveable 
meridian to the point n, where the tropic 
of Capricorn interfe@s the horizon, we’ 
 fhall have another triangle 'a bn, equal to 
the former, wherein the firft saps of Capri- 
corn has the fame amplitude 23° 29! from 
a, in the eaft,.to n, towards H, the fouth 
part of the horizon, that the former tri~ 
angle had towards the north; and _ this 
added to the right afcenfion of the firft point 
of Capricorn, 270° 00’, gives its oblique. 
afcenfion 303° 09’, becaufe that point: of 
the equator which rifes with the firft point 
of Capricorn comes to the horizon after the 
point of its right afcenfion, or that with 
which it culminates upon the meridian. 
353 Note, 
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°.353 Notep-Evety: ftar which: rifes with 
any. point, of the, echptic /has:the fame: obs: 
lique afcenfion with that:pointed sind) sv 


The ftaromarked v, in thé lee ‘6f the G6n-' 
ftellation’ Bootes, of the Sudh rnagnitudey 
which is reprefented 1 in fig: 36" ‘at! the® ‘point? 
%, having its northdechination f 9 See 
itsafcenfional difference a‘fy rifes’ above the! 
horizon’ with the fame ‘point of the equa’ 
tor with which’ e;: in the diurnal paralel’ of - 
the firft point.of Cancer, rifes. So that hav- 
ing. its righh afcenfion. 204°, -and declina=, 
tion, 17° 24/, its afcenfional, difference and 
oblique afcenfion’ may. be found: inthe trie 
anglea f *, in the fame manner in which: 
the. former; were? found in} thes, triangle 
age. Cun | a ares 

» As the afeentionat differenice' 1S -fubttadied: 
Blin: the rightcatcenfion' to’ find the oblique. 
afcenfion, if it be added tothe’ right afceri~ 
fion it will give the oblique de{cenfion. For 
that point of the equator which: fets with 
the diurnal parallel of the firft point of 
Cancer, comes! tothe horizon ‘before’ the 
point of its right: afcenfiony? or that with 
which’ it) culminates upon ‘the’ meridian, 
Hence we have’ another method: of finding | 
R-) 7) the 


‘ 
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the length of the day at London, or elfe- 
where, when the fun is in the firft point 
of Cancer, or any other parallel of his de- 
| ¢lination, viz; 

PRAY Subtract the“fun’s afcenfional di 
ference in time from fix in the morning, 
the refidue is the time of his rifing 5 add it 
to fix i in the evening, and it gives the time 
of his fetting ; ; then doubling the firt you 
obtain. the length. ofthe night, and the 
double of the lait will be the length of the 
day. And after this manner all thefe par- 
ticulars may be found: to every intermediate 
point of the’ecliptic in all-latitudes. 
| As the rifing and: fetting of fome of the 
principal fixed ftars are mentioned by ancient 
writers, as criteria, by which to judge of 
the commencement of feafons, and the be- 
ginning of times fet apart for religion, huf- 
bandry, -politicks, &c. we have judged. it 
neceflary to add the following problems, as | 
a farther elucidation of the two former, art, ~ 


392 and. 303. 


‘PROBLEM: 
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: PROBLEM LXXKV.. 
Given, the latitude of the ie : 
points of the. ecliptic with which 

a {tar rifes or fets, and the altitude 
of the nonagefimal, when thofe | 
points are upon ‘the horizon : ay 


To find in what points of thé eclip- 
“tic the fun muft be to make the 
{tar when rifing, or. fetting appear. 
juft free from: the folar rays; and 
thence: the times .of its heliacal 
rifing and fetting. 


355. Fig. 36. mievidte P, the wale of thie’ 
— globe, to the latitude of the place, and fix 
the quadrant of altitude in the zenith’ at 

Z,.and HO will reprefent the horizon. 
Turn the globe until the given ftar juft ap- | 
pears at * in the edge of the horizon, and — 
a will be that point of the ecliptic in which 

the fun mutt be when the far rifes and fets 
with it: Let us fuppofe the ftar at ¥* to be 


Mh" 3 the Lip magnitude, which requires that 


the 
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the fun fhould be deprefled 12 degrees bes 
low.the horizon; that the ftar may appear 
free.from the folar rays: having noted the 
point.a,: on the ecliptic, move the quadrant 
until the 12th degree: below the horizon 
interfeGts the ecliptic.at's, then Zs will re- 
prefent a vertical, circle,»in which the fun 
ats. ds deprefied 12 degrees. 

» So in 'the triangle a C S, right angled at 
C, we have'the fides C S, 12 degrees, the 


_ requifite’ depreffion of the fun below the 


horizon,! to free the ftar from his rays, or 
that point of the ecliptic at S, to‘make the 
ftar atx firft heliacally vifible when it rifes, 
or from which we may fee upon the other 

fide of the globe when’ it fets heliacally, 
The ‘angle S$ a C ‘is the altitude of the 
nonagefimal, or inclination of the planes of 
the ecliptic and horizon ; and the angle at 
C right, being formed: by the interfection 
of a vertical. circle with the horizon: the 
meafure of the angle Sa C, is obtained: by 
infpection on the brafs meridian from O 
to V3, the point in which the tropic of Caz 
pricorn cuts that circle; the fide aS,: being 
an arch of the ecliptic, through which the 
fun paffes, from the time the ftar at v_rifes 
dy with 
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with him to its heliacal rifing, or an arch 
of the fame quantity on the other fide of 
the globe, through which the fan miuft 
have pafled from the time when the ftar 
fet heliacally, to its: fetting with the fun, 
which, as in the former cafe, added to the 
point of the ecliptic, in which the ‘fun is 
when the ftar rifes with him; gives the-peint 
he is in at its heliacal rifing; and in r 
latter cafe fubtracted from that point of, the 
_ €cliptic the fun is in when the ftar fets with 
him,. leaves the point he is in at the tieod 
ftar’s heliaeal fetting. 

Thus having found the poirts of che 
ecliptic in which the fun muft be when any 
ftar rifes or fets heliacally, againft thofe points 
in the kalendar, on the. horizon, you. obtain 
the month and. day, 

As the diftances of the fined ftars fork 
one another have been found the fame in 
all ages, it is probable they have no real 
motion of preceflion, but only an apparent 
one, caufed by the retroceffion of the equi- 
noélial points, which are: found to: récede 
from their ancient ftations at the rate of 50 
feconds every year; this. alters their longi+ 
sai but their latitude does not vary: Henee 

their 


: Sa Pos 
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their places being once determined to a 
known year, their longitudes may be afcer- 
tained’ for any time ipaft oor to. come,’ by 
the fole fubtraétion or addition of fo many 
times 50 feconds, as there.are years between 
that to which the given, ftar is, rectified, and 
that to which it is. required ; or ‘knowing 
the quantity. of preceffion from any former 
period, the diftance thereof in time may be 
obtained, by reducing. it, into feconds, and. 
dividing the refult by- 50, the quotient will 
: give the number of years, as i the follow. 
ing. SRR r 


~Og Fr63 

OF ef to ait 
jo Given, +g 08 years. To Gadi the e quanti 
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-ExaMpe II. 
Given, 26° 30’, the quantity of the pre- 
‘ceffion to find the time. 
Lee BOR py SR 
Multiply by 60_ 
1590 minutes. 


- Multiply by 60 | 
Divide by 50)95400 feconds. 
Anfwer - 1908 years. 


The regular change in thé preceflion of 
the fixed ftars, or rather the conftant retro 
gteilion of the equifodtial points, {eéms to 
eaufe an irregular variation in theit right 
_afcenfions and declinations, more: or lefs, 
according to their diftances from the pole © 
‘of the ecliptic. Wherice it may not be 
improper to fhew how thefe inay be found, 
as the cofmical, achroniedl, and heliacal 
rifings and fettings of the fixed ftars, found 
by the preceding problems, have refpect 
only to thé prefent age: and the following 
problem, with which I {hall conclude this 
treatife, will fhew the reader how to deter- 
mine the ancient place of any ftar agreeable 

to. 
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to the time of ancient authors, if their au- 
thority may be depended on. 


PROBLEM LXXXVI. 
Given the latitude and ancient Jon- 


gitude of a fixed ftar : 
To | find its ‘right afcenfion and ¢ de- 


.clipation. 


| “Blevats the celeftial siohe & to. 664 deigecs 
bring the pole of the ecliptic into the zenith, 
and there fix the quadrant of altitude ; ; 
apply its graduated edge to the given ftar, 
and it will cut its prefent lopsided cities 
on the ecliptic or broad paper circle, which 
in this pofition of the globe coincide with 
each other: make a mark on the quadrant, 
at the latitude of the given ftar, and remove 
it to its ancient longitude, as found above ; 
then bring the graduated edge of the move- 
_able meridian to the mark juft. made upon 
the quadrant of altitude, and fet the center 
of the artificial fun to that point which will 
then reprefent the ancient place of the given 
ftar. That point of the moveable meridian, 
Z upon 


333 — Defeription and Ufe, of the 


upon which the centen-of:the artificial ‘fur 
was placed, is.ats ancient ‘declination; and 
that point of the equator, cut by its gra- 
duated edge, is its ancient rightyjafcenfion. 


_,,The globe being thus. rectified to the 
place and preceflion of any particular tar, 
as given us‘by ancient authors,’ the times of 
the year when fuch ftar rofe or fet, either 
cofmically, ‘achronically, or heliacally, may 
be thus obtained .by the preceding problems, 
agreeable to the period of the author under 
confideration..: Joo | slo ee 
old oc to slog. aciten 


# 


Tey ae | ~ A Tarre 
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‘A TABLE of Retroceflion and Autumnal 
, .Equinoxes, 


Retroceffion. 

} Years.} D. H. M. 
6000 | 45 20 Oo 
5000 | 38 4 40 
4000 }| 30 13 20 
3000 [22°22 o 
2000 | 15 6 40 

.100b rh 7 1 54.20,4d- 

gop.t GR. 

800 | 6. ; 40° 
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50 | 0/ 9 IO 
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146096 22 40 
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* 73048 II 20 
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4 32871. ¥g (30 
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18262 2 50 
14609 16 40 
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ae 10 
Sa SY 4 21 


2921 22 32 
2559 16 43 
2igt Io 54 
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1095.17 27-5 


730 11 38 


a apS. 6°49 
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Autumnal Equinoxes. 


Days... H. M. 
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‘A TABLE of Months. 


a 
{gs 
Teele’ oh 
Bale S iG 
BOIS | « : (AM s 
A | 31 | January — 31 
D j 28 | February 59 
( March _ go 
+ G } 30 | April 120 
|B 1 31 | May “151 
E | 30 | June (181 
G | 31 | July 212 
§C | 3x | Auguf 243 
F { 30 September | 273 
A 431 | OSober | 304 
D | 30 gepee. November. | 334 
F | 31 | December | 365 


A TABLE of Week-Days. 


4 

5 

6 Wednelday 
o}| Th hurfday 7 
I 
2 
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A TABLE of the Horary Difference in the 
Motion of the firft. Point of Aries, at the 
Time of a Vernal Seon 


ig Re iy Alb | TREY” SHE 
. | M.S: . 
[He | M.S. M. S._ 
: 9 4 42 
| 2 18 4 51 
3 27 5 0 
| 4+ 36 5 9 
2) ae 45 5 18 
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5 
5 
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2814 12 [1 58,8 45 
29|4 22 1159]8 55 
3014 32 6019 § 
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A TAB LE. of the Difference of. the Paflage 
_ of the firft Point of Aries over the Meridian, 
for every ‘Day in the Year, ie 


e 
2. DU athe a AB AE Wise le ae 
fa 
I 

eR 
3 
4. | 

pas! 

i or ir 
7 44 3! 34 35.| 47 34 
8; 40 9 3° 37.| . 43 52 
9 35 47 26 39° 40 11 
10 31 26 2%, 42. | __ 36 30 


oe 
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* ‘Mathematical, TE and. Optical 
INSTRUMENTS, 
Made under, the:InspEcTrion and Direcrion of 
GEORGE ADAMS, 


Mathematical Inftrument - Maker to His Majesty 
Oo: 9 GEORGE UL 


oe. the Sign of Tycuo Branez’s Head, N°. 60, 
in Fleet-Street, Lonpon: 


i 
Where Gentlemen and Ladies, Mec hasras &c. may 
be fupplied with Initruments which are invented and 
improved by him, as well a: with thofe contrived 
by the ableit Mathematicians. in Europe. 


HE Sindy R the Mathematicks be- 
ing now become a neceffary Part of 
every Gentleman’ s Education, we 

need not wonder at the great Progrefs which 
this Science has, of late Years, made in 
moft 
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moft Parts of Europe; fince it contains fuch 
an inexhauftible Fund of ufeful Knowledge, 
as is fufficient to gratify every Tafte, and 
employ every, Talent. The nobleft Genius 
may, in the Purfuit of it, exert his utmoft 
. Faculties ; and the meaneft will not fail of . 
finding fomething that is within his Reach. 
The Theory affords an ample Field to the 
{peculative Part of Mankind, and the Prace 
tice is productive of feveral Advantages to 
Men of Action and Bufinefs. 


Mathematical Inftruments are the Means 
by which the Sciences of Geometry, Philo- 
fophy, Aftronomy, and Opticks, are rendered . 
ufeful in all the common and neceflary Oc- 
currences of human Life. By their Affiftance 
an abftracted and unprofitable Speculation, is 
made beneficial in a thoufand Inftances: in 
a Word, they not only enable us to conneét 
Theory with Praétice, but alfo inftruct us 
how to turn bare Contemplation into the 
moft fubftantial Ufe, by making one of the 
moft ferviceable Branches of Learning, the 

natural Way of rendering this Knowledge 
general and diffufive. 

The Knowledge of thefe leads to that af 
practical Mathematicks, and experimental 

. Philo- 
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Philofophy ; fo that the Ufes of mathetha« 
tical Inftruments, make perhaps one of the 
mott ferviceable Branches of Learning in the 
whole World ; and the natural Way, there- 
fore, of rendering _ this Knowledge general 
and diffufive, is by making that “ol its In- 
firuments fo. 

_ As practical ta ae and spouts 
mental Philofophy, teach us the Powers of 
Nature, the Properties of natural Bodies, and 
_ their mutual Adtions on one another ; this 
Knowledge cannot be attained without In- 
{traments, and the Conclufions and Proofs 
we expect from it, depend very much upon 
their Exaétnefs. In order therefore to give 
a fufficient Satisfaction to thofe who honour 
me with their Cuftom, it is my particular 
and greateft Aim to produce fuch Inftru- ~ 
ments as may facilitate the Progrefs of ma- 
thematical and philofophical Learning. 


In all my Performances I endeavour not 
to augment the Inftruments with fuper- 
fluous Ornaments, that they may be of fre- 
quent Ufe to thofe of middling Fortunes, 
and alfo that their Neatnefs may render them | 
not unworthy of a Place in the Cabinet of 
the Curious. 
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That their Exactnefs may ‘be /particulatly 
attended ‘to, ‘I always infpedt and dire& the 
feveral Pieces myfelf, fee them all combined 
in my: own Houle, and finifh the’ moft cu- 
rious Parts thereof with my~own Hands. 
That the Conftruétion ‘may be as fimple and 
fubftantial as the Ufe of each Inftruament 
will admit, it is: my conftant Study to con- 
trive'them if fuch a Manner 'that’ they may 
be managed with the greateft Eafe. I all 
have Refpect to their being made ‘applicable 
to feveral Operations, ‘efpecially when the 
Extent of their Ufes does not prejudice 
theif Simplicity, to the End that Inftruments 
may not be multiplied without Necéffity. cain 

In the foll lowing Catalogue I have ranged 
the Inftruments in Claffes ‘under the Heads 
of their feveral Branches, and have num- 
bered each particular Inftrument, fo that if . 
a Gentleman is defirous of any one or moré 
of them, and is at a Diftance-froth London, 
he need only. fend me the Numbers ad- 
joining to thofe he intends to purchafe, and 
he {hall be ferved with Fidelity, and at the 
 eagaen Prices. 


INsTRU- 
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ict UMENTS for” Geometry; 
_, Drawing,. &c, 


7 Ariety, of, pocket-cafes. of drawing inftru- 
ments, in filver; brafs, ivory, or wood, 
from, 103. 6d. to ‘si. 58. .“Ehefe contain, more 
or lefs of the following articles, which; limit 

thefrapricess:! oclwovh 4 

r Plain compaffes for per cel lines, ge, 

2 Drawing compafies, with moveable pointss 
. viz. an ink point for fweeping circles; or 
“ atches of any determinate thicknefs, aad a a 
black lead point. 

3 Drawing pens, either with or without. a 
protracting -pin. } : 

Ae. Setors., for finding. proportions Menten 
quantities of the fame.kind, as, between 
dines and lines, furfaces; and Sanfides. &ex 
‘either.of box, ivory, biafs, fiiver, &cv 

g Plain feales, or...» 

6, Square protractors, or, maa bow ha 

7 Parallel rules, are, hits arta 
8 Sernicircle protractors, of brats. 

In’ the beft cafes, the compafies are al- 
ways made with. fteel joints, aad the Knibs 
of all the pens are made to open with a 
. joint;.in order to clean them, in which are 
alfo fometimes put, 

9 Hair-compafies, fo contrived on the infide 
of one of the legs, that an extent may be 
taken to an hair’s breadth. 

10 Circular (or bow) compaffes, with which 
a circle as {mall as a pin’s head may be de- 
{cribed. 

In 


A Catalogue of 


Ina magazine- -cafe of drawing inftiu2 | 
ments, is generally contained all tl the above 
inftruments, together with the following | 
particulars, 

11 Drawing coripafies, with moveable leod 
longer than thofe of No. 2 

12 Strong sai ci a with calliper and cutting . 
- points, 

13 Beam compatiés for drawing larget circles; 

_ and taking larger extents. 
14 Proportionable compaffes for the ready. di- 
- minifhing plans or drawings, in or af- 
figned proportion. 
15 Twelve-inch brafs feGots of a new: con- 
{truction. 

16 Triangular compaffes for tranferring three 
points at once; from a map or any ‘drawe 
ing to another copy: 

wA “pointrel and feeder; haste! at its tipper 
end an oval plate for clearing the drawing 
pen of any dirt or grit that may happen 

etween the knibs, and in the middle there- 
of is a protracting pin. 

18 Elliptical compafies for deferibing ellipfis 
of various extentricities. 

19 Bows for drawing curved lines: 

20 Port craiyons. ruhieehs 

21 Large plain ftales. ) Sometimes thefe are 

22 Plotting {cales. ¢ all made in one in- 

23 Protractors, ftrumenit. 7 

24 Plain and parallel rules of feveral fizes: 

25 Ivory pallates for Indian ink and colours. 

26 Gunners. callippers. | 

27 The regular folids, or platonick bodies cut 
in wood. 

28 es. 


—Matkvinatical Inftrumrents, 


98 Cylinder bifected. . 
29 Cones with all their proper feBtions. 
34 Flat plates, for defcribing the conic fections 


=. eR 


upon paper; defigned for thofe who are 
ftudying that branch of fcrence. | 

In thefe magazine cafes, géntlemen may 
have what number of inftruments they 
think proper. : 

Rules of all forts,. for meafuring of timber, 
ftone, painting, brick-work; Gc. at the 
ufual prices: | 


rere Inftruments, Fe. 


LAIN tablés, with an index and fights, 
whereby the draught or plan is taken 
on the fpot, without any future protraction, 
having a compafs fitted to one of its fides, 


-. and the whole fixed upon a ball focket, 


with a three lego’d ftaff, upon. which it 
may be turn’d round, or faften’d with a 


_ {crew, as occafion requires. 


32 


Beighton’s plain tables, wit’ an index, 
whereby the line of fights is always over 
the center of the table, the ftation lines 
drawn parallel to, thofe meafured on the 
land ; and the table fet horizontal by a 
{pirit levél. In this table the papers being 
Siar, are readily laid together and com- 


*pofe the whole furvey in one view. 


__ Theodolites for meafuring angles, diftan- 
ces, altitudes, &c. Thole ‘inftruments are 
made various ways, fome being more 

Aa hacks 
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» 4 Catahgue of 


fimple and portable, obb és! more acctirate 
and expeditious. 

The plain theodolite, whied! saniahey of ide 
plain fights, two faftened to the limb, and 
two on the ends of the index, with a com- 


vy pals on the index plate, divided: into. de- 
-ofgrees,-pand’ the limb fubdivided into mi- 


nutes by a nonius divifion, the whole fitted 


he aiba:hand. jocket, and that placed ae 
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a threeslegs’d ftaff, 

Theodolites, with “ll the above patticulars, 
and the addition of a telefcope. 
Theodolites of the lateft improvement, 
being the: ;moft: accurate: inftrument yet 
invented for furveying land, which may 
be fet truly. horizontal, . by. parallel plats 
and fcrews. On the index, and over t 
compafs-box is fixed ‘a double Hs ea 
which moves exactly in a vertical circle, 
with a fpirit level, and over that a fele- 
{cope, fo contrived, that when the bubble 
refts in the middle of the {pirit tube, the 
interfe€tion of the hairs’ in the telefcope 


will cut an exact level. The double fextant 
Me is divided ; in fuch a manner as to thew On 


‘one. fide thereof the degrees and minutes 
of any altitude or depreffion within the 


extent of its divifions. On the other fide 


* are divifions for taking the height of timber 


{tanding ‘in feet; and on the limb, there 


~-are allo divifions oe meafuring i its Breadth, 


—It_muft be alfo obferved here, that both 


~~ at the fame’ time, which is extremely ufeful 


horizontal and vertical angles are obferved 


iB 


Mathematical \Inftruments. 


olin» laying -down plots, when’ the: hypo- 

to thenufal are, to: be reduced to «horizontal 
4» tines; when the telefcoperis direéted to any 

ag ObjeSts the whole inftrument is fixed in fo 

' firm a mannerjithat on directing rhectele- 

_ .gliekeope tothe next, the limb remains entirely 
ftedfaft, which in other inftruments. off this 
oo fort,.is very difficult to beveffected. — Ca 

36 Circumferentors, the principal furveying 
vinftrumentiufed in the Weft Indies. ‘Ir\is 
very fimple, ‘yet expeditious in the’ prattice, 

Yo tand ‘confilts only of a brals circle, with a 
compa{s divided into 360 degrees, on the 
center of- which is fufpended a magnetic 
needle, and an,index, on.whole extremities 
are two fights; the whole is mounted on a 

*\ ftaff, and fometimes for conveniency, on 
a ball and«focket.. | pram, Bhai 

37 Gunters, ~or-four: pole chains. | -- 

8 Air levels whieh-thew the line of revall ‘Se 

© means of~a~ bubble’ of air and fpirits ‘of 
wine hermetically inclofed within a glais 

© tubetfor the-pocket. 

39 Air levels, with telefcope’ fichts, mounted 
on a three-lege’d ital, they “have a parti- 

2 culaf contrivance, by which they may be 

© adjufted (if put’ out of order) to a true 
level. at any one ftation. © ° 

sie Gunners levels, generally called perpendi- 
culars. | 

41 Levelling flaves,. 

42 Plotting fcales.. <: 

43 | Feather ater ales 


‘A a2 44 ‘Pan- 
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44 Pantographers, for reducing, | or enlarging, 
‘or copying plans: of furveys, pictures of 
any kind, and reducing fhadows of the 
human po face, and ‘this without any 
previous habit of drawing. 
45 Pedometers to meafure the way in walk- 


46 Too way-wilers, or meafuring- 
wheels, ditto for coaches... 

47 Major General Williamfon’s new inftrument 
for elevating pieces of ordnance. 

*47 Dr. Pollock’s new univerial inftrument of. 


gunnery. ve apes ssa 
‘Optical Inftruments. 
icon Cen ek 

Eflecting telefcopes, 1ginch, 5 5 oO 
49 Dittto 18 inches. ; Se «e 

50 Ditto 2 feet 12 MBAEQ - 
51 Ditto on a rack ftand rai En * Gee) 
52 Achromatic  profpeéts for the fe 
pocket ee 116 0 


53 Achromatic telefcopes, ‘either in | 
snurfe fkin for the pocket, or mar 


hogany tubes, 2 feet — 2 2 6 
54 Ditto 3 feet Si fanke 
55 Ditto 4 feet A> RO 


And fo in proportion for any other 
length. All other forts of refracting tele- 
{copes at the ufual prices. 

56 Wilfon’s pocket microfcope 21 4Q 
B97 Ditto$:,) m——————- 212 6 
58 Ellis’s aquatic microfeope — 22 0 


Mathematical Inftruments. 
59 Ellis’s and Wilfon’s microfcope in 


one cafe 4 15 
60 A fingle ‘and double aquatic mi- 
crofcope 7 
&1 The double conftructed micro- 
{cope | 
62 Ditto with a triangular foot in a 
flat mahogany cafe = ——= 8 8 
63 Culpepper’s double microfcope 3 3 
_ 64 A folar microfcope — 4 14 
65 A ditto 15 
66 The new variable microfcope 21° O 


67 A folar microfcope, to be applied 
‘to a new invented camera ob- 
fcura, that may be ufed either 
in the fun-fhine, or with a lamp 
contrived for that purpofe in 


winter evenings 29 Oo 
68 A pocket camera obfcura Oo 10 
69 Aditto Re 
+o A ditto, larger 5 


7% A pyramidical camera obfcura in 
wain{cot 

7? Ditto in mahogany : 4 

*72 Ditto for copying of pictures, draw- 


< e 


ing ftill life, portraits, 8c. § 8 
73 An inftrument for taking per- 
fpective views 6 


74 Concave and convex mirrors, 
from 
+s Prifms, from — 7s. 6d. to 2 2 
76 Zografcopes for viewing prints, 
from 1868, 0 3B 
77 Opeta glafies rans 


7s. 6d. to 26 O 


O-NHO.0 


0 O:N9 


o 


Q 
oO 


Qo 


78 Ditto 


A Catalogue of 


A pile af sTUIT Tie cnt baw 2: ee 
19 l apie oats PM comre =o eink 216.0 
o Ditto 


31 Reading | glafles in variety of ~ 
~ frames, from — + 2s. 6d. to, 
82 Speétacles for the nofe 
$3 Ditto . area ) 
84 Temple {peétacles oe 
SA Litas’ uk beeen 
86 Ditto , 
$7 Ditto filver 
88 Silver. double . joint aeration 
which -neither prefs the nofe nor.) 
temples 
8g Ditto in fteel 
go Ditto. : J 
gi Treble joint es all for thei 99 
ladies. | sniv 
g2 Ditto 1 in filver. ng 
93 Spectacles of brazil pebbles either. 
in fteel or filver, at the. ufual.. 
prices. 
94 Concave glaffes for myopes or 


a | 
s 


, 3E88 © Of 


St hr + le ‘as 06 


fhort fighted periong, in great nT c- 


variety, 
95 Magick Lanthorns, 


Brdiimnatens Inflruments q 


96 -®& IR pumps exclufive-of any 103 


apparatus. - 

97 Single barrelled pec USO 
98 Small double, barrelled-———— 404 
g9 Ditto larger. ees 6°10) 
; TOO: 


Mathematical Infiraments, 


100 A large. table’ air pump. —° ro ro 
101 ‘A large ftanding air pump | 21 * 0 
' (The apparatus to either of thefe. 

» aecording to the defire-of the ee 
chafer. mt Lae . 

102 Portable Saroretere ae 22 

103 Ditto with fpirit Linighaaices 2 iigia 

104 Ditto -with mercurial thermo- | 


meters RII 
105 Ditto with ditto and hygrome- 

ters fe 4 E4 
106 ‘Ditto with ditto and ditto, with 

glafs doors) *--—+-+—— 6 6): 


r07Other barometers’ with open: 
cifterns. of feveral’ curious con- 
{tructions, of .a new’contrivance, 

with diagonal barometers, either 
with: ingle, double; or triple © 
tubes, Wheel | barometers, &Ch5 

all at reafonable prices. I ; 
108 Farenheidt’s thermometers rut 
109 Ditto*for'the pocket’) -——<« 9 1° 1 
110 Botanic thermometers -—~ 0°78 


oe 


Do 


OD 


Aftronomical and Geographical The 


‘ftruments. 


Ii Ew Globes accurately de-- 
| lineated, neatly engraved, 
and adapted to an apparatus - 
eafy in application, and exten- 


five 


A Catalogue of 


five in their, ufe; 18 inches _ 
diameter, i in ftained frames 9 9 
212 Ditto in mahogany frames Ii 11 


113 Ditto in carved frames. — 24 ©: 


r14. New globes, 12 inches diameter 
in {tained frames 

115 Ditto in mahogany frames 6 i 

110 New globes; 6 inches diameter. 
in ftamed frames. 

117 Ditto in mahogany frames. 

118 Globes 3-inches diameter in 

frames 

, Ditto in black cafes for the abit 

pocket — oto 

320 Globes mounted with wheel- 

- work, at various prices. 

421 Armillary fpheres, 12 inches 
diameter 210 

422 An armillary dialling fphere; fo 
contrived as to explain. the 
reafon and nature, as well as 
to folve the moft ufeful pro- 
blems in fpherics, and illuftrate 
the theory of dialling, and is 
itfelf an univerfal fun-dial. 

123 A fphere fhewing the real and 
apparent motion of thé hea- 
vens, and folving the problems 
depending thereon. 

t24 A planetarium, by which the 

- annual motion of the planets, 
their fitvations and pofitions 
with refpect to the earth and 
fun, as well as to each other, 


5 
6 


S 


& O30. 


ag 


with 


Mathematical Infruments. 


- with their dire& ftationary and 
’ retrograde appearances, are 
clearly illuftrated -——— 18 18 0 


125 A tellurian, which explains the 

| diurnal and annual motions of 
the earth and moon; ‘fhews the 
inclination and retrograde mo- 
tion of the moon’s orbit; and_ 
thereby the caufes of the eclipfes 
of the fun and moon, the caufes_ | 
of day and night,‘ the viciffi- 
tudes of the feafons, the phafes - 
of the moon, the difference be- 
tween a periodical and fynodical 
month, the rifing, fouthing, me- 
ridian altitude, declination, am- 
plitude; and fetting of the fun 
and moon, &c, 

126 Orreries, which fhew all the 
above phenomena, © with the 
motion of the inferior planets. 
only, or with the motions of all 
the fuperior planets and their 
fatellites, with many improve- 
ments, are made by me at 
various prices, acconies to the” 
intention or defire of the perfons 
who propofe to be purchafers, 
from 130 guineas, to — 1500 O O, 

Smaller inftruments of this 

kind, defigned to fhew only a 
few- of the particular pheno-. 
mena, are made: at various 
prices. 


2018000 


A 


Bb 127 Aftro- 


oe ~Catalogue Ofrcrt 


127 Aftronomical quadrants, 3 foes 


radius : 130. 
328. Ditto, 2 feet radius ——- 70 
129 Ditto, 18 inches radius — 50 
130 Ditto, 12 inches radius. —- 3 


And ail other aftronomical | 
inftruments, as. fectors for ob- 
ferving angular diftances and 


differences in. right afcention,. . 


equal altitude inftruments, and 
tranfit inftruments, &c, “06. * 
various. prices .according to 
their fize, &c. 


Navigation  Inftruments. 


131 | ADLEY’s quadrant — 


132 Dito  — — 
133 Ditto : ee 
134 Ditto 


135 Hadley’s fextant 
136 Dr. Shight s fteering he 
137 azimuth compafs 


Thefe with all forts of fcales, 
rules, and all the inftruments 
ufed in experiments of natural 
philofophy, for mechanicks, 
pneumatics, hydroftatics, &c. 
are. made, when ordered, at. 
moderate prices, 


AO O48 
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Mathematical Inftruments. 


To enumerate all the various articles that 
are ufed in making experiments, or for other 
purpofes, would alone fill a volume. I have 
therefore felected the principal inftruments in 
ufe, to moft of which I have affixed prices and 
numbers, for the eafe of thofe Gentlemen ‘and 


Ladies at any diftance from London, who may - 


have occafion to write for any of the above 
inftruments, 


To their humble fervant, 
GEORGE. ADAMS, 


At.No. 60. in Fleet-Street, Lonpon. 


The following BOOK, eae pHated fer the 
. Author, may be had at his:Houfe, No. 60, 

* at Tycho Brabe’s Head, in Fleet-Street, and of 
the Bookfellers in Town and Country. 


Nie ILLUSTRATA, or 

the MICROSCOPE Exp rainep; in fe- 
veral New Inventions, particularly of a New Variable 
Microfcope, for Examining all-Sorts of Minute- 
Objects; and alfo of a New Camera .Ozscura 
Microfcope, defigned for Drawing all Minute-Ob- 
jects, either by the Light of the Sun, or by a Lamp 
in Winter Evenings, to great Perfection, with a- 
Defcription of all the Microfcopes now in Ufe. 
Likewife a Natura History of Aerial, Ter- 
reftrial, and Aquatic Animals, &c. confidered as Mi- | 
crofcopic Objedis. The Fourth Edition. [lluftrated 
with 72 Copper-Plates, containing 560 Delineations. 
of Various ObjeGs. 


‘By GEORGE ADAMS, 
Mathematical Inftrument-M aker to His Majetys 
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